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2005 LUPIN AND PULSE INDUSTRY HIGHLIGHTS 
Lupin 
Peter White, Department of Agriculture, Western Australia 
Record yields made the 2005 season a year to remember for many lupin growers.  Timely rains also 
took some of the stress out of growing lupins by making it easier to control weeds.  Yields of about 
4.0 t/ha were regularly reported in the higher rainfall, northern and southern regions.  Eastern 
wheatbelt growers reported yields ranging between 1.2 to 2.0 t/ha. 
The new variety Mandelup lived up to expectations.  Most growers bulking-up seed were impressed by 
the variety’s high yield, metribuzin tolerance and early maturity.  The excellent crops of Mandelup 
produced in 2005 will see this variety rapidly become the variety of choice for many lupin growers in 
WA. 
A renewed focus on lupin research and development with the establishment of the Lupin Task Force 
was welcomed by many people in the industry.  The Taskforce has an advisory board consisting of 
representatives from farmers, agribusiness, food processors, grain handles, scientists and GRDC.  
The Taskforce will guide lupin research and development within Agricultural Research Western 
Australia (ARWA).  Establishing the Lupin Task Force demonstrates the significance that ARWA 
places on the lupin industry. 
Construction of the new lupin dehulling plant began during November when the on-site services and 
foundations were laid.  This plant is a cooperative venture between Cooperative Bulk Handling and 
George Westons Food and they have formed a new company called Australian Lupin Processing.  
The plant will be operating later in 2006 and will open interesting opportunities for value-adding to 
lupin grain for both food and feed markets.   
Continued expansion of the high value lupin aquafeed market was also notable.  The market 
expanded again by about 15 per cent to reach 40,000 t globally.  Almost 75 per cent of the lupins 
going into this market come from WA. 
WALAN2173M, which is a high protein narrow-leafed lupin line, was bulked up this year and if it 
passes the final stages of testing should be released in 2006.  This line will open up further 
opportunities for dehulling and the aquafeeds industry. 
Two new lupin varieties were released during the year:  Andromeda, an albus lupin variety with 
improved resistance to anthracnose; and, Pootalong, a yellow lupin variety with slightly higher yield 
and aphid resistance compared with Wodjil.  The release of both varieties are significant events which 
mark the beginning of steady improvements and expansion of these industries over the next few 
years.  A pearl lupin (Lupinus mutabalis) line that is likely to become the first variety of this species in 
WA was also identified during the year. 
Pulses 
Mark Seymour, Department of Agriculture, Western Australia 
2005 saw more farmers in WA grow field pea than any other year.  Over 700 farmers have purchased 
Kaspa over the last two years, with the vast majority of growers in medium and high rainfall zones in 
the south of the State.  The Department of Agriculture, Western Australia’s pulse agronomy project 
has been busy this year keeping up with demand for information from new growers and their advisers.  
A particular extension highlight has been the excellent reception to a CD video ’Successfully 
harvesting semi-leafless field pea‘ which demonstrates visually the many different ways to tackle the 
sometimes troublesome harvesting of peas.  Over 800 CDs have been distributed nationally, with 
further requests continuing to come in from WA growers and the Eastern States.   
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Pleasingly many growers had good experiences with Kaspa in 2005, but the pulse agronomy team still 
has concerns about its suitability to low rainfall inland areas where both drought and frost are more 
likely to occur.  Kaspa seems less able to recover from stresses during podding than many other 
varieties.  The search continues for a variety which combines Kaspa strong points with slightly earlier 
flowering and better recovery from stresses during flowering and podding.  With more peas being 
grown it is important farmers use healthy seed.  Elsewhere in this document DAWA will outline the 
importance of PSBMV, which has been proven to be more of an issue than originally thought. 
Faba bean remains the sleeper crop in WA, with a slow build-up in the number of growers.  2005 was 
a year when many farmers would have benefited form having some beans in the ground – an early 
start and wet May and June suits faba bean more than field pea.  The National Breeding Program 
continues to release worthwhile varieties with improved disease resistance and WA plays its part in 
trying to find lines adapted to our shallow soils and harsh springs. 
Desi chickpea is slowly recovering from Ascochyta, with farmers now able to purchase lines with some 
resistance.  They will require at least two fungicide applications and breeders are not far away from 
releasing lines which may require fewer sprays.  In the meantime there was only bulk up paddocks of 
chickpea in 2005, many of which looked tremendous. 
2005 saw the release of two kabuli lines – Almaz and Nafice.  Both provide farmers in medium to high 
rainfall areas with an opportunity to get back into kabuli production.  Also released in 2005 was a 
grass pea – Ceora, but seed will be in limited supply in the immediate future. 
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Monthly rainfall at experimental sites in 2005 
Table 1. Monthly rainfall at experimental sites in 2005 
Trial site J F M A M J J A S O N D Total M-O 
Badgingarra 0 0 19 21 124 150 54 121 61 24 4 1 579 534 
Beverley E 0 2 51 49 116 95 27 52 50 29 6 0 477 369 
Eradu 0 3 27 31 123 115 26 70 36 17 2 0 450 387 
Esperance 11 3 16 64 86 123 28 77 75 64 26 2 575 453 
Jerramungup 1 6 31 50 80 66 22 47 49 56 34 1 443 320 
Kalannie 0 0 38 16 39 49 7 35 19 3 0 0 206 152 
Katanning 1 1 37 85 162 67 28 40 50 36 33 2 542 383 
Lake King 0 7 13 36 46 53 4 34 28 31 23 0 275 196 
Manypeaks 11 24 60 173 100 187 45 82 68 44 42 10 846 526 
Meckering N. 0 0 24 13 71 50 16 49 28 15 6 0 272 229 
Medina 0 1 16 38 183 217 71 115 93 59 15 1 809 738 
Merredin 0 0 36 22 60 73 13 50 29 15 6 0 304 240 
Mingenew 0 1 19 14 75 119 22 77 42 16 2 0 387 351 
Moora W 0 2 37 24 105 105 23 64 43 9 1 1 414 349 
Morawa 0 12 47 14 62 61 5 58 31 5 0 0 295 222 
Mount Barker 12 20 53 214 76 143 39 62 74 62 45 10 810 456 
Mullewa 0 0 29 19 46 64 13 35 30 5 0 0 241 193 
Newdegate 0 3 32 19 70 66 15 31 39 39 16 0 330 260 
Northam 1 2 22 13 87 124 32 21 39 26 9 2 378 329 
Ravensthorpe 1 2 22 30 36 41 4 43 42 54 0 0 275 220 
Salmon Gums 10 2 17 82 50 47 7 32 29 34 19 0 329 199 
Scadden 7 2 18 60 58 70 15 46 45 43 16 5 385 277 
Wickepin 0 2 24 29 93 54 18 36 35 12 6 0 309 248 
Wongan Hills 0 0 35 26 85 67 18 42 28 7 2 0 310 247 
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CAUTION:  UNREGISTERED PESTICIDE USES 
Any research with unregistered pesticides or of unregistered products reported in this document does 
not constitute a recommendation for that particular use by the Department of Agriculture.  All pesticide 
applications must accord with the currently registered label for that particular pesticide, crop, pest and 
region. 
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BACKGROUND 
Peter White, Department of Agriculture, Western Australia 
Grain legumes are an important part of Australian agriculture providing farmers with a diversified 
income and an effective means of managing weeds, diseases and protein levels in cereals.  Field pea 
(Pisum sativum) and faba bean (Vicia faba) are the grain legumes with the longest history in WA with 
reports of their production dating back to the early history of agriculture in this State.  Narrow-leafed 
lupin (Lupin angustifolius), was the first grain legume species established as a modern, broad-acre 
crop grown over large areas of the WA wheatbelt.  Lupins have been a vital component of sustainable 
cropping rotations in WA for the past 30 years, particularly on the deep, coarse-textured acid soils.  An 
intensive breeding and agronomic research effort by the Department of Agriculture and CLIMA 
through the late 1980s and 1990s has now established field pea, faba bean, chickpea 
(Cicer arietinum) and other pulse species, as significant broad-acre crops suitable for contemporary 
Western Australian farming systems. 
The array of grain legume species now available to Western Australian growers provides viable grain 
legume options for nearly every cropping situation in WA.  The choice of crop species provides 
flexibility across the range of rainfall and soil environments, disease and weed spectrums, and 
production and price risks, facing each farming enterprise. 
There are currently about 900,000 hectares of grain legumes grown in WA producing about 1.4 million 
tonnes of grain valued at over 250 million dollars.  Narrow-leafed lupins dominate production with 
about 1,000,000 t produced in 2005.  
After reaching a peak of over 1 million hectares in the late 1990s, the lupin area declined during the 
first part of this decade.  The main causes of this decline, has been variability in production (dry 
seasons), low prices relative to cereals and problems with weed management.  In response, the lupin 
growing area has contracted away from marginal production situations (fine textured soils in low 
rainfall areas), back to the more traditional lupin growing soils and environments.  
To meet the challenges facing the industry, breeding and research are currently aimed at increasing 
yields, improving weed management and developing a higher value product.  Traditional and modern 
breeding techniques are being combined to develop higher yielding varieties with better herbicide 
tolerance and higher grain protein.  Similarly, applied agronomic research, crop modelling and new 
production techniques are being combined to develop novel ways of managing weeds within newly 
evolving cropping rotations.  Finally, high value lupin products for the food and feed industries will 
soon be commonplace.  The establishment of a lupin de-hulling plant in Perth, development of lupin 
milk and breeding yellow (Lupinus luteus) and pearl (Lupinus mutabilis) lupins which have highly 
valued grain are examples of this. 
About 80,000 ha of field pea were grown in WA during 2005, making it the second most widely grown 
grain legume after lupins.  New, easier-to-harvest, semi-leafless varieties (e.g. Kaspa) have recently 
become available and have generated considerable new interest in field pea.  The industry is now 
rapidly expanding with a projection of over a 200,000 ha to be sown in 2007.  As the field pea area 
expands managing black spot, improving ease of harvest, avoiding frost and managing stubble to 
minimise soil erosion will increase in importance.  Developing solutions to these problems will continue 
to be important breeding and research objectives for field pea into the future. 
Chickpea production in WA has declined substantially after expanding to over 70,000 ha in the late 
1990s.  Ascochyta blight causing widespread crop losses was the main cause of the decline, and 
continues to be the primary constraint on the industry.  Growers in the northern and central agricultural 
areas have, nevertheless, remained keenly interested in chickpea and the release, over coming years, 
of ascochyta resistant chickpea varieties should see a rapid resurgence in this industry.  Developing 
high yielding varieties with greater resistance to ascochyta blight and management packages that 
minimise the risk from this disease will be the main research objectives for chickpea into the future. 
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The faba bean industry is now beginning to re-establish itself after a relatively sluggish period 
following chocolate spot epidemics in the late 1990s.  New disease resistant varieties have been the 
basis for the recovery in faba bean production, particularly in the medium and high rainfall areas of the 
State.  
Albus lupin (Lupinus albus), vetch (Vicia sativus), lentil (Lens culinaris), narbon bean (Vicia 
narbonensis), grass pea (Lathyrus sativus) and dwarf chickling (Lathyrus cicer), remain as minor crops 
in WA, although vetch is of localised importance in the south eastern wheatbelt and albus lupin, at one 
time, occupied nearly 40,000 ha throughout the State before anthracnose became established.  
Breeding and evaluation of albus lupin and lentil continues and hold open significant prospects for 
these industries.   
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2005 REGIONAL ROUNDUP 
Northern agricultural region 
Wayne Parker, Department of Agriculture, Western Australia 
The 2005 season began with fantastic rains at the beginning of April and throughout the month.  
These were followed up with good falls during May.  As a result the crops were sown early, into moist 
soil and were out of the ground before June in some cases.  Very active soil herbicides set the crop up 
with weed free paddocks.  Rainfall for June was Decile 9, and one of the wettest on record for many 
parts of the region.  This was all about to take a turn during July when rainfall was Decile 1.  During 
this period of low rainfall many crops in the eastern part of the region began to lose yield potential.  It 
forced the hand of many early sown lupin crops as they began to flower and set pods.  Other pulse 
crops were not as advanced as the lupin crops at this stage.  Return to average rainfall conditions 
during August, September and October helped recover some of the yield lost during July.  
Lupin yields were surprising throughout the north, the average of the region pushing 2 t/ha.  The dry 
July combined with the long cool finish set pods early and continued to set and fill pods to the end of 
the season.  Mandelup has proven its worth in the NAR, having clean crops with good yield and low 
disease.  A number of first time Mandelup growers had a few problems with early emergence.  This 
was the result of seed lots being sold with below standard germination percentages.  Those with 
emergence issues were not unhappy with the final yield of Mandelup, given the good season that 
followed.  
Kaspa was the field pea of choice in the NAR, despite it having lower yield potential than the 
recommended varieties Dunwa and Helena.  The touted standing ability and ease of harvest has 
encouraged many old pea growers to have another go.  A magnificent season has helped the late 
flowering Kaspa to yield in excess of 2 t/ha.  It is unfortunate that such results were achieved this year 
as it will bring false expectations of the variety in coming seasons.  Those growers considering making 
a return to field peas are advised to wait until the early flowering, Kaspa type, 89-036*9-8 is released.  
The few growers still with trailing varieties Parafield, Dundale, Helena were very happy with the 
season.  Disease levels in field peas remain very low through out the region.  A low area of field pea in 
the recent past has reduced the blackspot spore load considerably.  Spore number will again increase 
as the areas of field pea start to climb again in 2006 and 2007.  
It was an exciting year for chickpea growers.  Genesis 836 was launched and had a fantastic bulk up 
in Yandanooka where the paddock averaged nearly 1.8 t/ha.  It has a manageable ascochyta 
resistance and is going to be the intermediate variety between now and the release of more resistant 
varieties.  The yields from all desi CVT trials in the region were encouraging, except where there had 
been poor site selection.  The varieties with strong ascochyta resistance performed well throughout 
and growers can’t wait to see these in larger trials in 2006.  Genesis 510 is one variety of particular 
interest.  It has a high level of ascochyta resistance and underwent bulk up in Victoria in 2005.  It is 
anticipated that Genesis 510 will be released in WA in 2007.   
Faba bean yields were lower than expected in the region.  Much of this had to do with the lack of 
rainfall during July.  Crops were of lower biomass and unable to support the pods.  In previous 
seasons Cairo has shown good adaptability to the region, with good resistance to chocolate spot and 
high yield.  However in 2005, Cairo did not yield as well as older more disease susceptible varieties 
because of low disease levels in the region. 
The Pulse Agronomy team were responsible for 25-30 trials in the NAR.  The trials have been part of a 
program addressing the problems specific to the region.  The success of these trials will be seen 
through increased areas of pulses in the NAR in 2006.  
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Central agricultural region 
Ian Pritchard and Bob French, Department of Agriculture, Western Australia 
The 2005 season commenced with a wet start with above average rainfall for May and June which 
saw for the first time in many years tractors and seeding implements becoming bogged and having to 
be towed to ’safer’ ground.  July which is generally one of the wettest months for the year was one of 
the driest a saviour for many, allowing post-emergent spraying to occur on previously ‘sodden’ 
paddocks.  The tap was once again turned on in August, September and even October with rain falling 
generally when needed resulting in a soft finish to the season.  The end of the season was also 
characterised by a number of scattered frosts resulting in varying amounts of crop damage in many 
crops. 
2005 saw for the first time Mandelup lupin and Kaspa field pea being bulked up by growers throughout 
the region.  Lupins in general performed very well with 2005 average yields appearing to be the 
highest on record.  The new variety Mandelup was the highest yielding lupin variety in trials with 
growers also obtaining generally excellent yields with few exceptions.  In the few instances where 
Mandelup did disappoint, it appears to be related to how the grain/seed was handled or in this case 
over-handled which resulted in poor establishment, vigour and subsequently the disappointing yield.  
A timely reminder on the importance of seed quality on crop establishment and yield. 
Kaspa throughout the region lived up to the majority of growers’ expectations for yield and ease of 
harvest, even Kaspa crops which were frosted at the start of flowering continued to flower and set 
pods with rains in late September and early October.  Some growers were still disappointed in the 
standing ability of the Kaspa at harvest but as one grower commented if it keeps yielding this well I am 
willing to be disappointed.  Kaspa’s standing ability at harvest, sugar pod trait and yield have not just 
been steps in the right direction but significant leaps forward for growers. 
The 2005 season may be thought of as a year of lost opportunity for faba beans, the early wet start to 
the season was perfect for faba beans and with the release of new faba bean varieties Cairo and 
Farah.  Unfortunately due to the opportunistic nature of sowing faba beans, for many growers 
acquiring seed is a major issue which restricts the number of growers each year. 
The Merredin Research Station continues to play an important role in the evaluation of pulse crops for 
the low rainfall regions of the WA Wheatbelt.  In total 23 trials and demonstrations were conducted on 
the Research Station looking at field pea, chickpea and lentil varieties, ryegrass control in lupin crops, 
ascochyta diseases of the pulse crops and native budworm control in Kaspa field pea (this does not 
include plant breeder’s trials). 
Great southern and lakes 
Rodger Beermier, Department of Agriculture, Western Australia 
In contrast to 2004, this season opened early in the central Great Southern region with a 90 mm day 
rainfall falling at the end of March.  This was followed up in April with a similar amount, which caused 
concerns for waterlogging.  This gave an excellent start for weed germination and good, effective 
knockdowns to prepare for seeding.  However, consistent rain through May and June created havoc 
with seeding operations and plenty of tractors and vehicles had to be pulled from the bog!  Several 
paddocks had to be re-sown due to seed bursting but the majority of growers got their seeding 
program completed by the end of June.   
Thankfully, July and August were drier to allow the plants to establish and paddocks to dry out.  A very 
mild finish to the season was experienced through the last months and several frost events began to 
take some toll.  A severe hail storm through Lake Grace combined with some severe frosts occurring 
over the majority of the region during October and early November, reduced yields between 5 per cent 
and 75 per cent.  Cool to mild conditions ensued during harvesting operations with several areas still 
finalising their harvest during January 2006. 
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The new field pea variety Kaspa dominated the bulking up arena with a considerable amount of new 
growers from the low to the high rainfall zones.  Yields were as mixed as the rainfall in these districts 
due to the impact of frost, disease and late germinations of weeds.  Some growers were extremely 
happy with Kaspa’s performance while others were disappointed in their results.  From 2.2 t/ha in the 
Pingrup district to complete wipe-outs in the Hyden and Kojonup west districts and everything in 
between, varied yields have been the mark of the season.  From Jerramungup to Borden, yields were 
quite reliable with Kaspa going between 1.5-2 t/ha on average. 
As Parafield is still the main conventional variety being grown, it yielded quite well, given the seasonal 
issues.  Averages from frosted areas such as Hyden ranged from 0.3 t/ha up to 2 t/ha in the 
Borden/Gnowangerup region.  Helena has declined in area due to the increase in Kaspa’s volume and 
the larger seeded Parafield.   
Budworm issues in Kaspa proved to be a significant player in the quality of seed that was harvested.  
Late flights of Heliothis moths into the western areas of the Great Southern combined with the slightly 
later maturity of Kaspa and the softer finish produced up to 20 per cent damage to seed. 
With Fiesta being the dominant variety grown now, yields in the Pingrup area averaged around 
1.5 t/ha.  Further south in the Gnowangerup district, yields were around 2 t/ha with growers applying 
two fungicide sprays during the season.  Little disease was present but the later spray assisted in 
keeping the final pods clean.  
Trial work for 2005 included a Field Pea Recovery to Frost trial located at Lake Grace.  Unfortunately, 
this trial was wiped out with the hail storm and did not recover.  Phenology work, budworm control and 
rhizobacteria organisms were trialled on field peas.  Kabuli chickpea demonstrations and faba bean 
variety trials were also a part of the program. 
In 2006, work will continue in the region to develop, evaluate and extend new pulse lines including 
field peas, faba beans, kabuli chickpeas and lupins.   
South east region 
Mark Seymour, Department of Agriculture, Western Australia 
2005 started well with good opening rains.  This resulted in most lupin, canola and cereal crops being 
sown in the first half of May and many growers keen to continue with their program and sow field 
peas.  Unfortunately the release of blackspot spores was delayed in 2005 and we had to have a 
concerted effort via the PASE fax out system, ABC radio and local agronomists to warn farmers of the 
risk in sowing early in 2005.  This appeared to work well with many growers delaying their sowing until 
we were able to inform them that the warm wet weather in May had sped up spore release and it was 
moderately safe to sow their peas from 23 May. 
This was very fortunate advice as heavy rains meant if farmers had not sown by 4 June they would 
probably not been able to get onto their paddock for at least a week.  Many paddocks were 
waterlogged during June, but those peas which had emerged before the worst of the wet handled it 
quite well.   
July and August were dry which helped dry out paddocks and slowed the spread of blackspot in early 
sown field pea crops.  Inland areas did see crops suffer from this extended dry period, with field pea 
handling the dry conditions better than most crops.  Fortunately following this dry period the zone 
experienced a long soft spring which allowed the field pea crops to pod heavily and fill the large 
number of seeds set.  Consequently in low to medium areas many growers had above average yields 
around 2 t/ha.  Individual paddocks were above 2.5 t/ha and yield monitors showed parts of paddocks 
well over 3 t/ha. 
The soft finish to the year suited the new semi-leafless variety Kaspa, and many growers noted Kaspa 
yielded about 0.4 t/ha more than nearby Parafield crops.  Crops which yielded below 2 t/ha were 
mostly found in southern areas where waterlogging in June and a late flush of blackspot in September  
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reduced yield.  Similarly we have noted farmers who sowed in early to mid May in medium rainfall 
areas usually had 0.4-0.6 t/ha lower yielding crops than neighbours who delayed sowing and avoided 
the worst of the blackspot showers. 
It was not all good news though with most farmers in the Lakes district losing at least one paddock to 
frost.  Where frost did not occur yields were above average.  Earlier in the year the Pulse Association 
of the South East negotiated with CBH to allow farmers to be able to deliver to Lake King, and despite 
the vagaries of frost the bin has been well patronised with 8,128 tonnes delivered. 
The area sown to field pea in the zone was 32,796 ha (26,682 ha Esperance and 6,114 Lakes), which 
is a record for the region - about 25 per cent higher than 2004.  In total 59,000 ha were delivered in 
the port zone – hence average yields were in the order of 1.8 t/ha.  Quality was generally good with 
the majority of peas being delivered into M1 – Esperance 75 per cent M1 and Lake King 85 per cent 
M1.  Noticeably most samples have a low unmillable content. 
Approximately 4-5,000 ha of faba bean was sown in the region and the crop handled the wet 
conditions quite well.  There were concerns in September with a flush of aggressive chocolate spot 
which defoliated the lower two thirds of many faba bean crops.  However, yield loss was minimised by 
the combination of improved varietal tolerance and the kind spring, with many crops yielding 2 t/ha.   
Lupin crops podded up very well, but despite the soft spring many crops failed to fill all of the pods set.  
This has been attributed to early season waterlogging rotting the roots – effectively droughting the 
crop despite the abundance of water, the overcast conditions in spring and subsequent low light and 
carbon fixation leading to a deficit of carbon assimilates for filling of seeds – which is a condition 
known to affect lupin more than most other crops.  Consequently crop yields were very variable 
(0.8-4.0 t/ha) depending on their location, soil type, time of sowing and when pods were set or filled.  
In general though the yield of lupin in the port zone was above average and CBH received around 
43,000 tonnes. 
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LUPIN AND PULSE PRODUCTION AGRONOMY 
AND GENETIC IMPROVEMENT 
Lupin 
Peter White, Department of Agriculture, Western Australia 
Three species of lupin are grown commercially in Western Australia:  Lupinus angustifolius (narrow-
leaf lupin); Lupinus luteus (yellow lupin) and Lupinus albus (albus lupin).  A fourth species, Lupinus 
mutabilis (pearl lupin) is being developed as another possible crop plant.  The first pearl lupin variety 
for WA is expected to be released by 2009.  Narrow-leaf lupin accounts for over 99 per cent of total 
lupin production.  Most (400,000 ha) narrow leaf lupins are grown on deep sands in the medium to 
high rainfall areas of the Northern Agricultural Region.  About 100,000 ha are grown annually on 
sandy duplex soils in the Great Southern and south eastern wheat belt and a further, 200,000 ha are 
grown annually in the central and northern low rainfall wheatbelt.  Yellow lupins are grown in small 
areas either in the high rainfall south coast or on the very acid, wodjil soils of the central wheatbelt 
where they have the potential to outyield narrow-leaf lupin.  Most albus lupins are grown on the 
medium-textured neutral to alkaline soils of the Northern Agricultural Region where narrow-leaf lupins 
are poorly suited, although albus lupin production has declined substantially since the introduction of 
anthracnose into WA. 
Narrow-leaf lupins are primarily used by the livestock industry as a feed grain.  About 40 per cent of 
lupins are kept on farm to feed livestock.  Most of the rest is either traded domestically (20%) or 
exported (40%).  The use of lupins as a food ingredient is a small but growing use of narrow-leaf 
lupins.  About 8,000 t are exported to Europe annually for food applications.  Food manufactures in 
Australia are now also investing in lupins as food ingredients. 
Yellow lupins are a high protein feed grain with superior qualities capable of attracting high prices, 
particularly as fish feed.  Most lupins used for fish feed (about 30,000 t annually) are currently narrow-
leafed lupins; this will be replaced by yellow lupins if supply can be generated.  Albus lupins are mainly 
exported to Egypt where they are used as a snack food. 
Since reaching a peak of 1.3 million ha in 1999, the narrow leaf lupin area has contracted to about 
700,000 ha in 2005.  Much of the reduction in the lupin area is caused by growers in the central and 
low rainfall northern wheatbelt reducing the amount of lupins they sow.  Some growers in the medium 
rainfall areas of the northern agricultural areas have also reduced the frequency of lupin crops in their 
rotations (replacing a lupin crop with a pasture or fallow) as a means to manage weeds.  Low prices, 
low and variable yields, difficulties managing weeds and dry seasons are some of the reasons given 
by farmers for turning away from lupins.  
In contrast, grain producers in the medium to high rainfall areas of the northern wheatbelt remain 
firmly committed to lupins and are seeking ways to maintain or increase their lupin production.  
Similarly, farmers with significant sheep numbers regard lupins as an essential part of their business 
and will seek to increase lupin production as sheep numbers increase.  The excellent 2005 season 
has seen sentiment towards lupins, amongst these growers, improve further. 
Yellow lupin production has remained small since the first varieties were released.  The industry is 
currently constrained by varieties with low yield potential (relative to narrow-leaf lupins) and high aphid 
susceptibility.  Higher yielding varieties are currently being considered for release.  Work is continuing 
on improving aphid resistance and developing uses for the grain and mechanisms that will enable 
higher prices to be obtained. 
Albus lupin production peaked at about 30,000 t in 1996.  Anthracnose disease devastated the 
industry after this time and production has remained at very low levels since.  Andromeda, a variety 
with improved anthracnose resistance released in 2005 is expected to generate a modest recovery in 
the albus lupin industry over the next four years. 
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The research described here demonstrates the vision that growers, industry groups, research 
organisations and funders have for a strong robust lupin industry.  The success of this investment in 
research will help keep Western Australia as the pre-eminent lupin growing region in the world. 
 
Narrow-leafed lupin breeding 
Bevan Buirchell, Department of Agriculture, Western Australia 
The early break, July drought, frost in the eastern wheatbelt and then the cool finish to the season 
presented many challenges to the breeding program. 
Herbicides were more active this year with the early rainfall and several trials were damaged at the 
Mullewa and Valentine Road sites.  While the trials at the Mullewa light land site were not recoverable, 
the herbicide damage at Valentine Road allowed us to make good observations on the tolerances of 
all the lines in the program.  Using this information in conjunction with controlled herbicide screening at 
Wongan Hills we were able to continue to eliminate low tolerant lines from the program.  The 
metribuzin tolerance test is very easy to implement in the field and is now a standard screening test for 
all the material in the program.   
Frost in the eastern wheatbelt severely affected the trials at Merredin − all of the mainstem pods were 
lost.  No frost resistant material was observed although there were differences in yield on the 
branches between lines.   
Based on preliminary data, the best lines in CVT in 2005 were WALAN2263, 2273, 2274, 2275, 2224 
and 2231.  The first four lines have good tolerance to metribuzin with the Tanjil type resistance to 
anthracnose and are potential replacements for Tanjil in the high rainfall area.  The later two lines 
have performed very well over the last two years, especially in the south.   
Figure 1. CVT at Esperance Downs in 2004 and 2005. 
Figure 1 shows the yield performance of these lines versus varieties at Esperance in 2004 and 2005.  
Yields in 2004 were higher than in 2005 except for four lines, Quilinock, WALAN2224, 2231 and 2196.  
Interesting to note that the first three lines have the best ratings for ‘black pod syndrome’ (BPS) which 
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BPS has been known in the south for some time and was thought to be a reaction to Bean Yellow 
Mosaic Virus.  Further observations this year has eliminated virus involvement and it now seems to be 
a physiological response to climatic conditions and soil moisture.  The crops are usually high yielding 
with lots of biomass and are well podded in September/October.  As the season starts to finish there 
seems to be a remobilisation of nutrients from the pods thus leaving the pods flat and black with the 
seed in side formed but very small.  The good news is that it seems to have a genetic basis with 
Quilinock being recognised as the least affected variety.  WALAN2224 and 2231 both have Quilinock 
in their parentage, and are even less affected than Quilinock and thus will maintain yield under the 
conditions conducive to the syndrome.  Further investigation of BPS and a more in-depth testing of 
WALAN2224 and 2231 in the Esperance area are being planned for 2006. 
The molecular marker for the Tanjil type anthracnose resistance was used extensively this year to 
screen all the F2 material in the program.  A total of 17,200 DNA samples were tested and this 
allowed us to eliminate many progeny that did not have the Tanjil type resistance.  All the crosses 
made in 2005 were designed so that the Tanjil type resistance will become the dominant gene in the 
breeding program and allow us to continue to breed for anthracnose resistance by using the molecular 
technique rather than the more time consuming field techniques.   
Project number:  GDRC Project DAW00105 and DAW 00102 
 
Progress in the development of pearl lupin (Lupinus mutabilis) for Australian 
agriculture 
Mark Sweetingham1,2, Jon Clements1, Geoff Thomas2, Roger Jones1, Sofia Sipsas1, John Quealy2, 
Leigh Smith1 and Gordon Francis1 
 1CLIMA, The University of Western Australia  
 2Department of Agriculture, Western Australia 
Background 
Pearl lupin (Lupinus mutabalis) has been used by native South American people for thousands of 
years as a high protein and oilseed legume for food, medicinal and other purposes.  Semi-
domesticated germplasm with soft, large seeds and reduced or non-shattering pods exist as natural 
populations growing in the Andes region and genebanks both in this region and in several other 
countries hold reasonable numbers of accessions of the species. 
Crop improvement of L. mutabilis has occurred in small programs in South America including the 
development of the first low alkaloid, late flowering cultivar, cv. Inti in Chile through successive 
crossing and selection with naturally occurring reduced alkaloid landraces from Peru (Blanco 1982; 
von Baer and von Baer 1988).  Additional small breeding and selection work has occurred in 
Germany, the UK, Poland, France and Portugal but without any commercially-sized agricultural areas 
of the crop arising from them.  With the existence of early flowering but bitter accessions along with 
several low alkaloid genotypes, we embarked in 2003 on a new pilot breeding program with the 
species because of its considerably high reported values for protein (43%) and oil (18%) in seed.  This 
article summarises the progress to the end of 2005. 
Aims 
• To develop low alkaloid, earlier flowering breeding lines of Pearl lupin. 
• To conduct preliminary agronomic and disease studies and determine seed qualities of the 
breeding lines. 
Method 
In a first series of crosses starting initially in 2001, a set of 31 breeding lines were developed by 
selecting single plants from 3 crosses at the F3 or F4 generations and progressing through to F5 or 
F6.  The parents were as follows:  a very late flowering, low alkaloid accession donated to the 
Australian Lupin Collection (ALC) during the 1980s (cv. Inti) from a Chilean-based breeding program; 
an early flowering selection (JC243) from a breeding line originating in the UK; an intermediate to late  
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flowering horticultural selection (P28725) from the ALC.  Crosses were:  2001-18 (Inti x P28725), 
2002-24 (JC243 x 2001-18) and 2002-25 (Inti x JC243).  Bitter plants at the F3 stage were discarded 
and earlier to mid flowering, low alkaloid single plants retained.  Single plant derived lines were grown 
out in screenhouses during 2004 and seed was analysed for protein, oil and other quality 
characteristics.  In 2005, lines were grown in field plots, 2 rows spaced 20 cm apart and 2 m long in 
2 replicates at The University of Western Australia Field Station, Shenton Park.  Control lines were 
cvv. Tanjil (L. angustifolius), Andromeda (L. albus) and Pootalong (L. luteus).  Plots were sown on 
3 May and harvested on 5 December.  Data recorded included time to flowering, aphid susceptibility 
scores, plant height at maturity, total plant biomass and harvest index (HI, for selected lines only, not 
including fallen leaves) and seed yield.  Disease screening was carried out on small rows at Medina 
Research Station for brown spot and anthracnose.  Seed quality was evaluated on 2004 screenhouse-
grown seed. 
Results 
Agronomic, disease, yield and seed quality traits are listed in Table 2 for selected lines from the larger 
set of advanced breeding material in L. mutabilis.  Biomass and harvest index values are given for a 
small subset of lines in Table 3.  Flowering time, plant height and yield varied widely in L. mutabilis but 
seed yield was lower by 30 per cent in the best L. mutabilis compared to L. angustifolius (cv. Tanjil).  
The average HI of four L. mutabilis lines was 0.20 which was lower than values for the other crop 
species but one L. mutabilis line (ID 8) had a higher HI (Table 3).  Scores for brown spot and 
anthracnose tolerance in breeding lines ranged from 2.2 (for P28434) to 4.9 and 2.3 (in genotype 
ID 12) to 4.7 respectively.  Aphid scores were less in L. mutabilis than for L. luteus (Table 2).  Alkaloid 
levels were in L. mutabilis breeding lines were in the range 0.001 to 0.018.  The highest seed oil and 
protein in lines were 17.1 and 46.3 respectively. 
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Table 2. Agronomic, disease and quality traits for 13 advanced, low alkaloid L. mutabilis breeding lines and control cultivars grown at The University Field Station, Shenton 
Park in 2005.  Data for seed quality were for screenhouse-grown 2004 seed 
Genotype ID Plant morphology Plant height (cm) Days to flowering Yield (g/m2) 





Aphid severity (1-5) Comments 
8 6.8 77 141 385 4.8 3.9 1 Early FL, good PM, round seeds 
11 5.3 64 142 221 3.9 2.8 1 Early FL, good ANTH tol. 
12 4.8 78 150 275 4.6 2.3 1 Early-mid FL, best ANTH tol., poor BS tol. 
13 6.0 91 144 301 4 3.4 1 Early FL, round seeds 
14 4.8 93 141 290 3.3 3.1 1 Early FL, good PM, OK BS/ANTH  
18 6.0 101 159 359 4.4 4.0 1  
20 5.0 103 159 418 4.1 4.4 1  
22 4.5 96 159 350 4.3 3.5 1  
24 4.5 91 165 293 3.9 3.6 1 Highest seed oil% 
26 6.0 99 166 484 3.5 3.6 1 Passable BS, ANTH tol. 
32 6.3 105 161 359 3.4 3.6 1 OK BS, not so good ANTH, good PM 
33 6.0 113 163 431 3.2 3.2 1.5 Passable for BS, OK for ANTH, mid FL 
34 6.0 109 167 343 3.1 3.5 1 Highest protein %, OK BS, not so good ANTH tol. 
Andromeda 7.0 98 143 642 - - 1 L. albus 
Tanjil 8.0 93 140 668 - 0.8 1 L. angustifolius 
Wodjil 7.0 80 142 397 - - 2.5 L. luteus 
FL = flowering time; BS = brown spot; ANTH = anthracnose; PM = plant morphology.  a Value quoted in Petterson et al. 1997.  
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Table 3. Biomass and harvest index of L. mutabilis and control cultivars grown at The University Field 
Station, Shenton Park in 2005 
Genotype ID Total biomass (g/m2) HI 
8 1234 0.28 
13 1730 0.16 
17 1160 0.21 
25 1022 0.15 
Andromeda 2564 0.25 
Tanjil 2820 0.24 
Wodjil 1347 0.25 
Discussion 
Progress in this Western Australian based, small scale crop improvement program for Pearl lupin has, 
in the past 5 years since its beginning, successfully produced lines that combine early flowering, low 
alkaloid, non-shattering and reasonable plant morphology.  Seed quality of L. mutabilis is good, with 
sulphur amino acid levels similar to soybean and a fatty acid composition of approximately 51 per cent 
oleic, 25 per cent linoleic and 6 per cent linolenic acids (Sweetingham et al. 2006).  Early flowering 
appeared to be recessively inherited in crosses to the late flowering, low alkaloid cv. Inti.  Variation in 
resistance to brown spot is apparent (G. Thomas unpublished) however L. mutabilis was found to be 
the most susceptible lupin species among the crop species dealt with in this study.  L. mutabilis was 
not generally as susceptible to anthracnose as L. albus.  However, breeding efforts will concentrate on 
incorporating better tolerance to both anthracnose and brown spot.  Observation of aphid activity on 
these low alkaloid L. mutabilis breeding lines (alkaloid range of 0.001-0.018) indicates that L. luteus 
seemed to be more susceptible than L. mutabilis.  Further investigation of aphid susceptibility will be 
carried out. L. mutabilis appears to be susceptible to post-emergent metribuzin herbicide although less 
so than L. luteus and similar to many L. albus lines.  Tolerance to root absorbed simazine is similar to 
narrow-leafed lupin (Sweetingham et al. 2006).  
The best L. mutabilis line produced 72 per cent and 74 per cent the seed yield of Tanjil and 
Andromeda respectively while yielding 22 per cent higher than Wodjil.  Plant biomass for L. mutabilis 
was similar to that for Wodjil and harvest index values (average of 0.20) indicate that L. mutabilis was 
generally lower than the other crop species although one early flowering line (ID 8) with good plant 
morphology (shorter plant height with relatively good pod production) had a higher harvest index.  This 
line has been crossed to new parents with early flowering and better tolerance to anthracnose 
(P26961) or excellent pod set (P28797).  
The majority of low alkaloid breeding lines derived from crosses had lower levels of seed alkaloid than 
the contributing parent, cv. Inti (0.010).  This places the breeding lines within the ‘Sweet lupin’ 
classification of total seed alkaloids of less than 0.02 and in this respect makes them suitable for 
human consumption.  Since seed alkaloid has some association with aphid tolerance, the program will 
seek to develop lines with alkaloid levels in the range 0.01-0.02 per cent.  Seed oil ranged from 12.8 to 
17.1 per cent and protein ranged from 38.3 to 46.3 per cent in screenhouse-grown L. mutabilis 
breeding lines, results which demonstrate the excellent potential for high seed quality in L. mutabilis.  
Seed sulphur ranged from 0.26 to 0.40  per cent db (line with maximum not shown in Table 1) and this 
puts L. mutabilis mid way between L. angustifolius or L. albus and the higher S-containing L. luteus 
(Petterson et al. 1997).  Seed coat percentage in L. mutabilis, being the lowest of the crop lupin 
species, ranged from 11.0 to 13.4 per cent with no apparent correlation with seed weight or seed 
protein and oil in this set of lines.  The line with the highest seed protein however also had a very low 
seed coat percentage.  A trend for lower seed coat percentage with increasing protein or protein plus 
oil has been demonstrated in L. angustifolius (Clements et al. 2002).  Some L. mutabilis lines 
possessed very round seeds and all had white seed coat. 
The correlation among 38 L. mutabilis lines (including all the advanced low alkaloid breeding lines plus 
several bitter parental genotypes) between protein and oil in seed was r = -0.79 for screenhouse-
grown plants.  This showed the commonly reported negative relationship between protein and oil in 
seed crops (e.g. Wilcox and Shible 2001) although in newly developed breeding programs there is 
good potential to select for both high protein and oil. L. mutabilis seed oil showed a low but negative 
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correlation with sulphur (r = -0.53), and seed protein a positive correlation with seed sulphur (r = 0.49), 
a trend consistent with results reported for soybean (Wilcox and Shible 2001).  
Sources of CMV resistance (Jones and Burchell 2004) and improved brown spot and anthracnose 
tolerance will be sought and germplasm screened for herbicide tolerance in the next phase of the 
program.  Trials to determine optimum agronomic practice, including row spacing and seeding density 
are planned for the next few years.  Breeding for adaptation of Pearl lupin to various climates in 
Australia will be an attempted and higher biomass, harvest index, yield and improved drought 
tolerance will also be the focus of future breeding efforts. 
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Molecular genetic markers and lupin breeding 
Huaan Yang, Jeffrey Boersma, Bevan Buirchell, Department of Agriculture, Western Australia 
Background 
Lupin breeding has traditionally been based on the selection of plants measurably superior in yield, 
quality and other desirable traits such as disease resistance, erect growth habit or non-shattering seed 
pods.  Selection for these traits is carried out by growing plants in an appropriate environment and 
physically measuring the plant traits (phenotyping) at the appropriate growth stage.  This frequently 
entails cultivating large numbers of plants, often through to maturity, of which only a few are retained 
for future use. 
The recognition that all traits are under genetic control has resulted in methods to find molecular 
genetic markers associated with these traits.  An early example is that of iso-enzymes in which 
organisms are grouped or distinguished from each other on the basis of variants in the form and 
electrophoretic properties of particular enzymes which are visualised by staining them with enzyme-
specific stains.  More recently, techniques have been developed allowing researchers to ‘chop’ DNA 
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into small fragments, amplified by PCR, and screened for sequences linked to traits of interest.  These 
fragments are known as molecular markers. 
Method 
There are a number of different techniques for producing molecular markers linked to genes of 
interest.  The technique used by our laboratory at the Department of Agriculture (WA) is known as the 
MFLP (Microsatellite-anchored Fragment Linked Polymorphism) method which combines the 
advantages of AFLPs (Amplified Fragment Length Polymorphisms) and microsatellites – variable 
length in simple sequence repeats (SSRs).   
Markers found to date 
To date markers have been found for: 
 (i) Anthracnose resistance (LAnr1) 
 (ii) Anthracnose (Lanr2)  
 (iii) Soft seeded-ness (moll)  
 (iv) Low alkaloids (iucundis)  
 (v) Phomopsis resistance (Phr1) 
 (vi) Reduced/nil vernalisation (Ku) 
 (vii) Reduced pod shatter (lentus) 
(viii) Rust of lupins  
Sequence-specific primers have been designed and tested 
successfully for the markers associated with anthracnose 
resistance (Lanr1), Phomopsis resistance (Phr1) and mollis 
(moll).  Primers have also been developed for the rust  
resistance marker but need to be tested with a larger number  
of plants to determine their usefulness.  We have also  
successfully sequenced a number of markers associated  
with Iucundis, Ku and Lentus and will soon be developing  
and testing primers for these markers. 
Incorporation into the breeding program 
Currently, much of the breeding material used by the Department of Agriculture is undergoing 
screening for Anthracnose resistance using the molecular marker AntjM2.  During the 2005 winter 
season, over 16,000 plants were sampled and individually tested for presence of the anthracnose 
resistance gene Lanr1.  The screening of both crossbreds and potential parents is enabling the rapid 
incorporation of Lanr1 into the domesticated genome.  It is envisaged that with the successful 
development of a marker to Lanr2 a similar program will result.  Markers for the domestication genes 
need only be implemented when wild accessions are used as parents in the breeding program. 
Genetic mapping 
For efficient plant breeding, it is necessary to have an understanding of how genes segregate relative 
to each other.  For instance, if two genes are closely linked, selection for the one gene will make it 
much more likely that the other gene is also selected, whereas for genes distantly linked or on 
different chromosomes, selection for the one gene will have no effect on selection for the other.  A 
genetic map has therefore been constructed for narrow-leaf lupins to enhance future work in lupin 
breeding. 
Plants showing only the top band are homozygous resistant (RR), and are selected.  Plants showing 
only the bottom (which are susceptible, rr) and plants show both bands (which are heterozygous 
resistant, Rr) are discarded.  A total of 672 plants (96 plants x 7 loadings) are resolved in a single gel 
for high-throughput and cost-efficiency.  
Schematic Flow Diagram of MFLP Technique 
SSR 
  Candidate markers in MFLP gels 
DNA sequencing, primer designing 
Simple PCR based markers 
Marker implementation in breeding program 
Genomic DNA  
DNA digestion 
 Adaptor ligation  
Pre-selective PCR   
Selective PCR  
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Figure 2. Marker implementation in lupin breeding for selection of anthracnose resistance in F2 plants. 
 
Construction of a genetic linkage map using MFLP, and identification of 
molecular markers linked to domestication genes in narrow-leafed lupin 
(Lupinus angustifolius L.) 
Jeffrey Boersma1,2, Margaret Pallotta3, Bevan Buirchell1, Chengdao Li1, 
Krishnapillai Sivasithamparam2 and Huaan Yang1 
1Department of Agriculture, Western Australia 
2The University of Western Australia 
3Australian Centre for Plant Functional Genomics, South Australia 
Introduction 
The narrow-leafed lupin (Lupinus angustifolius L) is a major legume crop in Australia and the grain is 
used for both stock feed and human consumption.  Modern day breeding of narrow-leafed lupins 
started in Germany early last century, followed by extensive work in Australia beginning in the 1950s 
[2].  Several key genes for the domestication of this crop have been incorporated.  These include the 
low-alkaloid gene iucundis (iuc), seed coat permeability gene mollis (moll), white flower gene 
leucospermus (leuc), nil vernalisation requirement gene Ku and, reduced pod shatter genes tardus (ta) 
and lentus (le) [1,3,4].  A genetic linkage map in a crop species is a foundation for genomics, genetic 
studies, and identification of molecular markers linked to agronomic traits that can be used for marker 
assisted selection in plant breeding.  Various techniques are available to generate polymorphic DNA 
fragments in marker populations and one such method is Microsatellite Fragment Linked 
Polymorphisms (MFLP).  The objectives of this study were to:  (1) employ the MFLP technique to 
generate DNA markers for the construction of a genetic map of L. angustifolius; and  (2) identify 
molecular markers linked to the domestication genes and the anthracnose resistance gene Lanr1. 
Results 
A total of 1083 polymorphic markers were scored with the majority of the fragment lengths in the range 
of 100-450 bp.  There were 522 unique marker loci of which 454 could be placed into 21 linkage 
groups (Figure 3. Genetic linkage map of Lupinus angustifolius based on 89 F8 derived recombinant 
inbred lines.)  The average interval distance between adjacent markers was 3.4 cm.  Linkage groups 
(LG) ranged in length from 19.9 cm (LG 21) to 137.3 cm (LG1).  The resultant map length was 
1543 cm.  By using techniques for estimating the length of the genome [5,6,7] it was calculated that 
the maximum map length for narrow-leafed lupin was 1896 cm but is probably no more than 1673 cm.  
Therefore the linkage map presented here covers at least 80 per cent of the narrow-leafed lupin 
genome. 
All the domestication genes (except ta), as well as the anthracnose resistance gene lanr1 and its 
marker (AntjM2) were integrated into the map.  Two to seven MFLP markers were identified within 
5 cm of each of the domestication genes iuc, moll, leuc and Ku.  The gene for nil-vernalisation Ku, and 
the gene for seed coat permeability (moll) co-segregated with their nearest markers in LGs 17 and 
8 respectively. 
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Discussion 
This is the first reported high density − linkage map of L. angustifolius.  The results show that MFLPs 
are as versatile as AFLPs in the production of markers suitable for mapping.  The molecular markers 
closely linked to the domestication genes will be converted into simple PCR based markers for marker 
assisted selection in lupin breeding programs.  
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Genes of interest are located in the following Linkage groups:  LG2 – Anthracnose resistance gene 
Lanr1; LG8 – mollis (soft seeds); LG9 – iucundis (low alkaloids); LG11 – Leucospermus (white flower 
and seed colour); LG 13 – lentus (reduced pod shatter); LG 17 – Ku (reduced vernalisation 
requirement). 
Figure 3. Genetic linkage map of Lupinus angustifolius based on 89 F8 derived recombinant inbred 
lines. 
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The first gene-based map of narrow-leafed lupin − location of domestication 
genes and conserved synteny with Medicago truncatula 
M. Nelson1, H. Phan2, S. Ellwood2, P. Moolhuijzen3, M. Bellgard3, J. Hane2, A. Williams2, 
J. Fos-Nyarko4, B. Wolko5, M. Książkiewicz5, M. Cakir4, M. Jones4, M. Scobie4, C. O’Lone1, 
S.J. Barker1, R. Oliver2, and W. Cowling1 
1School of Plant Biology, The University of Western Australia 
2Australian Centre for Necrotrophic Fungal Pathogens, Murdoch University 
3Centre for Bioinformatics and Biological Computing, Murdoch University 
4School of Biological Sciences and Biotechnology, SABC, Murdoch University 
5Institute of Plant Genetics, Polish Academy of Sciences, Poznań, Poland 
Key messages 
In a collaborative effort between research groups at The University of Western Australia, Murdoch 
University and the Institute of Plant Genetics in Poland, we have developed the first gene-based 
linkage map of narrow-leafed lupin.  On this map five genes that control key domestication traits have 
been positioned.  By using gene-based molecular markers that are well conserved across wide 
evolutionary distances, we were able to compare the lupin map to the genome sequence of the model 
legume Medicago truncatula.  For the first time, we found evidence of conserved gene order despite 
the estimated 50 million years of evolutionary time that separates these two species.  This genome 
conservation, also known as synteny, will greatly assist the lupin genetic research community to 
access the extensive genetic resources available in M. truncatula, and enable the development of 
better molecular markers for breeding purposes. 
Aim 
To develop a gene-based linkage map of narrow-leafed lupin, to map key domestication genes, and to 
compare the lupin map to the genome sequence of the model legume Medicago truncatula. 
Method 
A recombinant inbred line mapping population was developed at DAWA from a cross between 
domesticated 83A:476) and wild (P27255) narrow-leafed lupin parents.  A variety of PCR and RFLP-
based markers were used to genotype this population.  Lupin cDNA and soybean genomic clones 
were used as RFLP markers.  We developed new lupin-based PCR markers and also used previously 
published M. truncatula microsatellite, single nucleotide polymorphism and cleaved amplified 
polymorphic sequence markers (Choi et al. 2004).  To increase the map density, we used AFLP 
markers identified during a previous GRDC-funded project (Brien et al. 1999).   
Results 
We used 382 markers to generate the first gene-based map of the narrow-leafed lupin genome.  
Twenty major linkage groups were identified plus five minor linkage groups and 11 unlinked markers.  
Domestication traits were mapped to five separate major linkage groups.  Two RFLP markers 
(UWA214 and A071b) co-segregated with flowering time gene, Ku, on linkage group LG01 (Figure 4).  
UWA214 has subsequently been converted to a simple PCR-based marker for easy screening of 
breeding lines.  The region of the lupin genome in which Ku is located correlates to a section of 
M. truncatula chromosome 7.  The good conservation of gene order may allow the development of a 
‘perfect’ marker for Ku by identifying a candidate gene in the equivalent region of M. truncatula.  A 
similar case was found for the reduced pod shattering gene, Lentus, which was mapped to linkage 
group 5 of lupin and which has an equivalent region on M. truncatula chromosome 1 (Figure 4).   
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Figure 4. Examples of conserved gene order in narrow-leafed lupin and Medicago truncatula.  Black 
vertical lines are sections of lupin linkage groups, LG01 and LG05.  Red vertical blocks are 
sections of M. truncatula chromosomes Mt-1 and Mt-7.  Dotted lines indicate equivalent genes 
in both species.  Ku and Lentus domestication trait genes are shown in large text. 
Conclusion 
This gene-based linkage map of narrow-leafed lupin, along with the mapping population developed at 
DAWA, will enable lupin genetic researchers around the world to map markers or genes of interest 
and to efficiently share results.  This study identified markers linked to five key domestication traits, 
which could be used for marker-assisted selection in other crosses between domesticated and wild 
types of lupin.  This is the first study to identify regions of the lupin genome that are conserved in the 
genetic model legume species, M. truncatula.  This ‘synteny’ between lupin and M. truncatula offers 
tremendous promise in aiding our basic understanding of genetic processes in lupin and also in the 
development of ‘perfect’ markers for marker-assisted selection in lupin breeding. 
Keywords 
Lupinus angustifolius L., framework genetic map, recombinant inbred lines, marker-assisted breeding 
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How does lupin optimum density change with row spacing? 
Bob French and Laurie Maiolo, Department of Agriculture, Western Australia 
Key messages 
• Under very good growing conditions (yield above 4 t/ha) lupins in wide rows yield less than in 
narrow rows. 
• Optimum densities for lupins vary a great deal from site to site and from season to season. 
• Lupins grown in 60 cm rows should be sown at the same rate as those grown in narrow rows. 
Background 
Research over the past five years, both in the Department of Agriculture and by farmer groups, has 
shown that growing lupins in much wider rows than the traditional 7 to 10 inches rarely results in a 
significant yield penalty, and can give a yield benefit in harsh seasons.  In addition, there is growing 
interest in wide rows because they facilitate inter-row spraying with non-selective herbicides for 
troublesome weeds.  
There is little information on how crop density interacts with row spacing at spacings wider than 50 cm.  
Some research conducted by WANTFA in medium to high rainfall environments suggested that 
optimum density was independent of spacing, but in a trial of Martin Harries’ at Mullewa in 2004 lupin 
yield declined at high density in 25 cm rows, but not in 100 cm rows. 
This also raises a question about optimum density.  Our current recommendations are based largely 
on trials done with varieties such as Danja, Gungurru and Merrit.  The newly released Mandelup is 
quite a different plant, and worthy of testing to see if it exhibits the same type of response to crop 
density as these older varieties. 
Method 
Mandelup lupins were sown at target densities of 10, 20, 40, 80 and 120 plants/m² (seed rates were 
14, 29, 58, 115 and 173 kg/ha) in wide and narrow rows in wheat stubble at Eradu on 16 May 2005, 
Mullewa on 3 May 2005, Dalwallinu on 10 May 2005, Wongan Hills on 6 May 2005 and Newdegate on 
29 April 2005.  Another trial with the same treatments using Mandelup and Pootalong yellow lupins 
was sown at Merredin on 5 May 2005.  The wide rows were 60 cm apart in each experiment except at 
Mullewa, where it was 45 cm; the narrow rows were 22.5 cm apart at Eradu and Mullewa, 18 cm apart 
at Dalwallinu, Wongan Hills and Newdegate, and 23 cm apart at Merredin.  The wide row spacing at 
Mullewa was intended to be 60 cm, so seed rates in the wide spacing were 33 per cent higher than in 
the narrow spacing. 
Results 



















Wide 10 8 11 12 10 11 
 20 16 26 22 19 20 
 40 32 48 38 36 41 
 80 53 91 80 75 69 
 120 85 121 118 107 89 
Narrow 10 8 8 10 11 8 
 20 18 16 17 22 14 
 40 37 31 39 42 25 
 80 64 66 68 83 56 
 120 84 85 114 125 83 
lsd (P = 0.05)  6.7 8.6 7.5 7.4 6.7 
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A wide range of lupin densities were established at each site, from well below to well above that 
usually found in commercial crops (Table 4).  There was no consistent effect of row spacing on crop 
establishment across sites, but the effect at each site was significant.  Wide rows ranged from having 
13 per cent fewer plants on average than narrow rows at Wongan Hills to 44 per cent more at 
Mullewa.  In the case of Mullewa this was largely due to differences in seed rate, but even with the 
same seed rate wide rows had better establishment at 3 out of the other 5 sites. 
 
Figure 5. Grain yield response to lupin plant density when grown in wide or narrow rows at four 
locations in Western Australia in 2005. 
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Crop density had a significant effect on grain yield at each site, but the shape of the response varied 
from site to site (Figure 5 and Figure 6).  The sites at Eradu (Valentine Rd), Dalwallinu and Mandelup 
at Merredin, showed typical hyperbolic responses while the other sites showed more peaked 
responses with gradually declining yields at very high densities.  The response for the Newdegate site 
is not shown here, but it is qualitatively similar to that shown for Wongan Hills, except that the 
maximum yield was about 1.9 t/ha, and wide rows yielded only about 100 kg/ha less than narrow 
rows.   
Wide rows resulted in yield penalties of up to 1.5 t/ha at Eradu and Wongan Hills.  Yield penalties of 
this size have not been observed in WA before, but the yields at these sites were much higher than is 
usually observed.  At the other sites with more normal yields row spacing affected grain yield much 
less.  Grain yield was higher in wide rows at Dalwallinu, less at Newdegate and Merredin, and no 
different at Mullewa.   
 
Figure 6. Grain yield response to lupin plant density in Mandelup narrow-leafed lupin and Pootalong 
yellow lupin grown at Merredin in 2005. 
Optimum densities were calculated as described in French et al. (1994) Australian Journal of 
Experimental Agriculture 34, 491-497, and are presented in Table 5.  Optimum densities range from 
16 plants/m² in wide rows at Mullewa and Newdegate to 90 plants/m² in narrow rows at Eradu.  In 5 of 
the 7 cases the optimum density in wide rows is lower than in narrow rows but the difference was not 
significant in any individual case.  Yellow lupins at Merredin had lower optimum densities than narrow-
leafed lupins.  It would be premature to conclude that yellow lupins should be sown at lower rates than 
narrow-leafed lupins, though, because this trial was severely affected by frost, to which yellow lupins 
are particularly susceptible. 
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Table 5. Optimum plant densities (plants/m²) calculated for lupins grown in wide and narrow rows 
grown at a range of sites in Western Australia in 2005 
Cultivar Site 
Optimum density in 
narrow rows 
Optimum density in wide 
rows 
Mandelup Eradu (Valentine Rd) 90 70 
 Mullewa 30 16 
 Dalwallinu 39 35 
 Wongan Hills 30 35 
 Merredin 40 49 
 Newdegate 25 16 
Pootalong Merredin 29 28 
Conclusion 
Optimum densities varied over a very wide range between sites.  Previous experience tells us that this 
variation also occurs between years at the same site.  Optimum density varied little between wide and 
narrow rows within a particular site.  Lupins in wide rows had lower optimum densities at the majority 
of the sites, even though the difference was not significant at any individual site.  Assuming that wide 
rows are equally likely to have larger and smaller optima than narrow rows, the probability of 5 out of 












, supporting the 
conclusion that row spacing has no effect on optimum density.  Most of the optimum densities 
calculated for these sites are lower than we would recommend, and lower than most growers aim for.  
This is due to the very good growing conditions for most of the season that allowed plants in thin 
stands to fill the empty space around them before spring and would not necessarily happen in most 
growing seasons.  While yield peaked at 30 to 40 plants/m² in a number of cases, yield declines very 
little as density increases to 60 or even 80 plants/m² in most of these.  Given that high density makes 
an important contribution to crop competitiveness against weeds and yields drop rapidly if densities 
below the optimum are achieved, we believe that it is preferable to plant more than the optimum 
number of plants rather than fewer. 
Acknowledgements 
Staff of the Geraldton, Wongan Hills, Merredin and Newdegate RSUs who planted, managed, and 
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Wide row spacing and seeding rate of lupins with conventional and precision 
seeding machines 
Martin Harries, Jo Walker and Murray Blyth, Department of Agriculture, Western Australia 
Background 
The aim of this trial was to build upon previous data on lupin row spacing and seeding rate effects on 
plant growth and yield while assessing differences between a conventional combine and a precision 
seeder.  A precision seeder places seed equal distances apart within the row giving seedlings even 
access to nutrients and water.  This may result in a more uniform crop stand than can be achieved 
with a conventional combine, particularly when seedlings become more crowded in wide row cropping 
situations.  A more even stand may also result in even plant development and greater precision in 
timings of post emergent management operations such as herbicide application. 
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Method 
Treatments included two seeding machines.  A conventional John Deere combine converted to an air 
seeder and an Agricola series K pneumatic precision drill.  Each seeder sowed two row spacings 
(25 and 50 cm) factorially with three seeding rates (40, 70 and 100 kg/ha).  Four replicates were sown 
as a split plot design.  Main plot was seeder type with factorial row spacing and seeding rate 
combinations randomised within main plots.  Plots were five metres wide; edge rows were not used for 
measurements and were not harvested.  The trial was seeded a drying a red sandy loam soil on 
28 April at Mullewa Research Annex.  Germinating rains fell on 30 April the following week.  
Measurements taken included establishment, dry matter cuts, plant height, grain yield component 
analysis, harvest height, grain protein percentage and yields.  These are discussed below; 
Results 
The trial established well with a range of plant densities from thirty two to sixty nine plants per square 
metre obtained.  Plant density increased significantly with increased seeding rate as expected, 34, 47, 
and 64 plants per square metre at 40, 70 and 100 kg/ha respectively.  The 50 cm row spacing had 
statistically significantly lower plant establishment than the 25 cm spacing, approximately 3 plants per 
square metre less averaged across other treatments (Table 6). 
Biomass production was recorded by quadrate cuts three times during the growing season (Table 6).  
There were no significant differences in biomass production between the two seeders at any time of 
measurement.  There was a significant effect of row spacing at the last time of sampling, 24 October, 
with 25 cm rows having significantly higher biomass than 50 cm rows.  At all times of measurement 
there were significant differences between seeding rates.  At the first time of sampling, 16 June, 
biomass production was proportional to seeding rate (Table 6 and Figure 7).  Biomass production 
averaged across seeding rates was 42, 50 and 55 grams per square metre for the 40, 70 and 
100 kg/ha rates respectively.  At the last sampling 24 October biomass production was significantly 
different and inversely proportional to seeding rate (Figure 7).  Biomass production averaged across 
seeding rates was 510, 430 and 394 grams per square metre for the 40, 70 and 100 kg/ha rates 
respectively.  With the long growing season and mild finish to the season lower seed rate treatments 
which had lower early vigour were still able to produce more biomass than the higher seeding rates.  
Single plant biomass was recorded at the same times as biomass production.  Seeding rate was 
highly significant at all times of sampling.  Each seeding rate was significantly different to each other at 
all times of sampling.  As seeding rate increased plant weight decreased (Table 6 and Figure 8).  This 
would help to explain why lodging increased with seeding rate (Table 6). 
Main stem pods of wide row treatments were further from the ground than narrow rows (p < 0.05) 
however, the actual difference in pod height was less than one centimetre.  Grain quality including 
seed weight and protein were unaffected by the imposed treatments (Table 6). 
Grain yield component analysis (Table 7) indicated that lower seeding rates resulted in more pods on 
the main stem, and consequently seed per stem.  On the primary lateral branches the lower the seed 
rate the greater the number of pods per stem and seed per pod, and consequently seed per stem.  
Seed weight was not significantly affected by any treatment on main stem or primary lateral branches. 
Yield results (Table 8) showed no significant difference in yields between the type of seeder used.  
There was a trend of higher yield with lower seed rate for both machines however this was not 
statistically significant.  Higher seed rate plots tended to lodge more which helps to explain the lower 
average yield at higher seed rates.  The 50 cm treatment out-yielded the 25 cm treatment supporting 
previous trials that have indicated that yield will not be lost when moving from 25 to 50 cm at Mullewa. 
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Table 6. Establishment (plants/m2), plant dry weights (g), biomass production (g/m2), lodging percentage, lowest pod height (cm), 1000 seed weight (g), protein 
(%) 


















40 25 33.7 45.5 340.5 579.0 1.6 9.8 16.9 5.5 44.5 167.4 29.7 
70 25 49.5 54.0 335.5 441.0 1.2 7.8 12.5 7.5 44.0 161.7 29.5 
100 25 64.7 58.0 330.0 361.0 1.1 5.8 8.2 10.0 44.3 162.3 29.6 
40 50 31.3 41.5 279.0 406.0 1.6 10.0 18.3 1.3 44.7 169.0 29.6 
70 50 45.5 52.0 303.0 409.0 1.1 6.4 9.3 3.5 45.1 162.8 29.4 
100 50 63.0 53.5 298.5 336.0 0.9 4.9 8.7 3.5 44.2 165.4 29.3 
Precision 
seeder 
40 25 39.8 40.0 341.5 554.0 1.5 9.5 17.2 2.3 44.2 161.9 29.5 
70 25 50.3 48.5 329.0 493.0 1.4 8.0 12.8 4.0 44.2 162.4 29.7 
100 25 61.8 53.0 347.0 570.0 1.1 6.2 10.8 5.5 44.2 160.8 29.9 
40 50 32.0 40.5 276.0 500.0 1.4 7.3 20.0 0.5 44.3 166.8 29.5 
70 50 42.3 45.5 350.5 378.0 1.1 8.7 11.7 1.5 44.5 159.4 29.0 
100 50 67.8 55.0 323.0 308.0 0.9 5.9 7.0 3.0 44.4 163.0 29.7 
lsd seeder ns ns ns ns ns ns ns hs 1.223 ns ns ns 
lsd rate hs 2.661 hs 2.610 hs 34.66 s 79.50 hs 0.1409 hs 0.619 hs 0.7540 hs 1.223 ns ns ns 
lsd row s 2.173 ns ns s 64.90 s 0.1150 ns ns hs 1.497 s 0.2821 ns ns 
lsd interaction ns ns ns ns ns ns ns ns ns ns ns 
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Table 7. Total dry weight (g/m2), stem dry weight (g), pods/stem, seed/pod, seed/stem, seed weight (g) 



































40 25 822 4.43 5.66 3.74 21.0 0.159 0.44 2.91 3.64 10.5 0.139 
70 25 693 3.86 5.18 3.58 18.5 0.160 0.39 2.48 3.38 8.4 0.137 
100 25 626 3.70 3.62 3.74 13.5 0.163 0.37 1.97 3.29 6.5 0.153 
40 50 532 5.98 6.66 3.60 24.2 0.188 0.60 2.52 3.69 9.3 0.151 
70 50 532 7.48 3.78 3.65 13.9 0.167 0.75 2.03 3.51 7.2 0.142 
100 50 452 6.71 3.56 3.60 12.8 0.166 0.67 1.92 3.12 6.0 0.147 
Precision 
seeder 
40 25 824 4.02 6.55 3.73 24.4 0.201 0.40 2.69 3.83 10.4 0.157 
70 25 772 3.69 5.45 3.60 19.6 0.162 0.37 2.44 3.58 8.7 0.157 
100 25 859 4.54 5.02 3.83 19.3 0.165 0.45 1.80 3.50 6.3 0.154 
40 50 626 7.03 6.86 3.77 25.9 0.167 0.70 2.67 3.86 10.3 0.152 
70 50 489 6.03 5.24 3.88 20.6 0.158 0.60 1.80 3.55 6.4 0.141 
100 50 432 6.24 3.00 3.58 10.8 0.164 0.62 1.67 3.22 5.4 0.130 
Averages                       
Combine 609 5.36 4.7 3.65 17.3 0.167 0.54 2.30 3.44 8.0 0.145 
Precision seeder 667 5.26 5.4 3.73 20.1 0.170 0.53 2.18 3.59 7.9 0.148 
25 cm 766 4.04 5.3 3.70 19.4 0.168 0.40 2.38 3.54 8.5 0.150 
50 cm 510 6.58 4.9 3.68 18.0 0.168 0.66 2.10 3.49 7.5 0.144 
40 kg/ha 701 5.37 6.43 3.71 23.9 0.179 0.54 2.70 3.75 10.1 0.150 
70 kg/ha 621 5.27 4.91 3.68 18.1 0.162 0.53 2.19 3.51 7.7 0.144 
100 kg/ha 592 5.30 3.80 3.69 14.1 0.165 0.53 1.84 3.28 6.06 0.146 
lsd seeder ns ns ns ns s 1.10 ns ns ns s 0.057 ns ns 
lsd rate ns ns hs 0.362 ns hs 1.34 ns s 0.106 hs 0.161 hs 0.070 hs 0.586 ns 
lsd row hs 79 hs 0.634 ns ns ns ns hs 0.129 s 0.131 ns s 0.478 ns 
lsd interaction ns ns ns ns ns ns ns ns ns ns ns 
hs, p < 0.001, s p < 0.05, ns not significant. 
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Table 8. Yield (t/ha) 
  Seeding rate   








Combine   1.280 1.349 1.254 1.322 1.147 1.279 1.272 ns 
Precision   1.003 1.789 0.854 1.735 0.768 1.380 1.255  
            
Av row       1.051 1.476  hs 0.144 
Av rate    1.355  1.291  1.143  ns 
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Figure 8. Plant weight. 
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Influence of row spacing and plant density on lupin competition with annual 
ryegrass 
Bob French and Laurie Maiolo, Department of Agriculture, Western Australia 
Key messages 
• At least 40 plants/m² of lupins must be established to compete adequately against annual 
ryegrass. 
• Less ryegrass may germinate in wide rows due to less soil disturbance. 
• Lupins in wide rows will not compete as well against ryegrass as in narrow rows at the same 
density. 
• Do not cultivate the inter-row area when sowing lupins in wide rows. 
Background 
Among the important current trends in WA’s lupin industry that could have long-term implications for its 
sustainability are increasing levels of herbicide resistance in weeds, particularly in annual ryegrass, 
and a tendency to sow the crop in wider rows than formerly. 
Greater levels of herbicide resistance are important because it means that weeds cannot be so easily, 
or cheaply, controlled.  This reduces the return from the lupin phase in crop rotations and, more 
importantly, increases the likelihood in the lupin phase of weed blowouts that can reduce the 
profitability of several subsequent phases of the rotation.  In the 1980s one of the reasons lupins were 
highly valued was because grass weeds could be more effectively controlled with herbicides than in 
other crops, which resulted in weed-free cereals.  Now it is increasingly likely that weed populations 
will build up under lupins because they are less competitive than cereals with weeds.  To maintain 
sustainable lupin rotations therefore requires weed control strategies not so dependant on herbicides, 
including ways of making lupins more competitive against weeds. 
Sowing lupins in 50-75 cm rows instead of the traditional 18-25 cm ones has a number of benefits, 
including limiting very poor yields in dry seasons.  However, crops in wide rows take longer to achieve 
full canopy cover that crops in narrow rows, so would not be expected to compete as well with weeds.  
In dry environments where wide rows have greatest yield benefit they may never achieve full canopy 
cover and so offer little competition against weeds.  We have suggested to growers that weed control 
will not be as effective in wide as in narrow rows unless extra measures, such as spraying the inter-
row area with non-selective herbicide, are taken.  However, the effect of row spacing on competition 
between lupins and weeds has not yet been properly investigated.  Here we describe the effects of 
lupin crop density and row spacing on the growth and seed production of annual ryegrass in two 
experiments. 
Method 
Mandelup lupins were sown at target densities of 10, 20, 40, 80 and 120 plants/m² (seed rates were 
14, 29, 58, 115 and 173 kg/ha) in wide and narrow rows in wheat stubble at Merredin on 4 May 2005 
and at Dalwallinu on 10 May 2005.  The wide rows were 60 cm apart in both experiments; the narrow 
rows were 23 cm apart at Merredin and 18 cm apart at Dalwallinu.  2 L/ha simazine was applied to 
both sites before sowing; the Merredin sites also had an application Spray.Seed.  The ryegrass that 
emerged was treated with Select and Fusion on separate occasions at both sites, and the 
measurements reported here were on the survivors of these treatments.  Half of the trial at Merredin 
was crop topped with 800 mL/ha Gramoxone on 11 October after lupin leaf drop had begun, and the 
whole site at Dalwallinu was crop topped on 7 October.  
Results 
A wide range of lupin densities were established at both sites, from well below to well above that 
usually found in commercial crops (Table 9).  Crop yields were low as a consequence of intense weed 
competition and, at Merredin, frost damage.  Figures 1 and 2 show that the amount of ryegrass varied 
between treatments in each trial, with a clear downward trend as crop density increased.  In particular, 
the amount of ryegrass was much greater when the crop density was less than 40 plants/m².  On the 
other hand, there were very different effects of row spacing at the two sites.  At Dalwallinu there was  
Agribusiness Crop Updates 2006 
 
Crop Updates is a partnership between the Department of Agriculture, Western Australia and  
the Grains Research & Development Corporation 
34 
more ryegrass in wide row spacings, especially at high densities, but at Merredin there was more 
ryegrass in narrow row spacings, especially at low densities.  A possible explanation for this is that at 
Merredin more ryegrass germinated in the narrow spacings, stimulated by the greater soil disturbance 
in the sowing operation.  At Dalwallinu this did not happen because the site was fully disturbed before 
sowing by a deep ripping operation.  At both sites the reduction in ryegrass numbers with increasing 
density was greater in the narrow row spacing, although this was only significant at Dalwallinu due to 
less within site variation.   
These effects of density and row spacing at Merredin were also reflected in ryegrass seed production, 
which was estimated at harvest.  Figure 10 shows that increasing density above 40 plants/m² reduced 
ryegrass seed production significantly.  This figure shows a large reduction in ryegrass seed due to 
crop topping, but the experimental design was not very sensitive to this and this effect was not quite 
significant (the error bars shown only apply to comparisons made between means with the same level 
of crop topping).  However, the ryegrass seed in the crop topped treatment is likely to be less viable 
than in the non-crop topped treatment so the contribution to the soil seed bank will be further reduced.  
Wide rows at Merredin produced significantly less ryegrass seed (1188 seeds/m² averaged across all 
treatments) than narrow rows (1465 seeds/m²).  Row spacing did not interact with density as far as 
ryegrass seed production was concerned. 












Grain yield at 
Dalwallinu 
Wide 10 17 0.38 12 0.42 
 20 19 0.53 22 0.48 
 40 33 0.54 38 0.58 
 80 52 0.49 80 0.66 
 120 73 0.36 118 0.72 
Narrow 10 15 0.36 10 0.30 
 20 17 0.49 17 0.43 
 40 25 0.51 39 0.58 
 80 46 0.54 68 0.68 
 120 63 0.66 114 0.68 
lsd (P = 0.05)  6.9 0.136 7.5 0.08 
A The yields given here for Merredin are from non-crop topped treatments.  Crop topping significantly reduced 
grain yield from 0.49 to 0.38 t/ha when averaged over all densities and spacings.  Crop topping did not interact 
with any other effects. 
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Figure 10. Annual ryegrass biomass at crop maturity at Dalwallinu. 
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Figure 11. Annual ryegrass seed production at crop maturity at Merredin. 
Conclusion 
Lupins compete against ryegrass much better with high plant densities.  To avoid ryegrass blowouts at 
least 40 plants/m², and preferably more, should be established.  Growing lupins in wide rows does not 
necessarily mean there will be more ryegrass, possibly due to different amount of soil disturbance 
influencing the amount of ryegrass that germinates.  However, lupins in wide rows will not compete as 
well with the ryegrass that germinates.  While this issue needs further research, it suggests that 
achieving wide rows by blocking the seed off to every second tine while leaving those tines cultivating 
the soil may exacerbate any ryegrass problem.  Crop topping can also provide useful ryegrass control 
and should be used in conjunction with high crop densities. 
Acknowledgements 
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Effect of timing and speed of inter-row cultivation on lupins 
Martin Harries, Jo Walker and Steve Cosh, Department of Agriculture, Western Australia 
Background 
Extensive testing in previous years has ascertained that lupins can be row cropped at spacings of 
50 cm or greater in the northern agricultural region.  In other row cropping systems throughout the 
world inter-row tillage has been used to control weeds between rows.  It is documented from studies in 
Denmark that angustifolius lupin tolerates inter-row cultivation and the resulting soil throw with minimal 
yield loss.  In these studies over three years lupins were able to withstand soil throw and were also 
able to recover better than other crop species from being covered by soil.  This would be expected 
considering that lupins are stiff stemmed have a high plasticity to seedling density and produce a low 
proportion of yield from basal branches, close to the ground. 
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The WA environment and soils are likely to be well suited to post-emergent inter-row tillage.  In many 
years extended dry periods occur.  At these times herbicides become less readily absorbed by weeds, 
making herbicidal weed control difficult to achieve.  Conversely in this situation weeds would not be 
expected to tolerate root disruption well.  Course textured Western Australian soils may be well suited 
to cultivation due to relative ease of soil tillage.  While many factors suggest that inter-row cultivation 
in lupins could be successful the first aspect that needs to be quantified is the safety on the crop.  This 
trial investigated the effect of tillage timing and speed on lupin growth and development. 
Method 
Treatments included four timings of inter-row tillage according to plant growth stage (4, 10 leaf, 
Flowering and 4 leaf and flowering) factorially with three speeds of tillage (2, 4 and 8 km/hr).  Along 
with these 12 treatments a Nil tillage control was included.  The trial design consisted of four replicate 
randomised complete blocks.  Tillage was undertaken with two 20 cm wide sweeps positioned 
between 44 cm rows.  Depth of cultivation was approximately 1 to 2 cm, skimming below the soil 
without creating excessive soil throw.  Measurements of plant density, biomass production, grain yield 
components, grain quality and yield were taken. 
Results 
Establishment was very poor due to simazine damage.  All seedlings were affected with typical 
simazine leaf burn which took several weeks to grow out of.  Target plant density of 45 plants per 
square metre was not obtained.  Plant population was approximately 30 plants per square metre; this 
was even across all treatments (Table 10).  
Grain yield component analysis showed very few significant responses to the treatments.  Cultivation 
at flowering tended to reduce seed number per stem on all stems (main, primary lateral and secondary 
lateral) but this was only statistically significant on the secondary laterals (Table 12).  Tillage at 
flowering also resulted in significant reductions in seed weight (Table 12) and final plant dry weight 
(Table 10).  Speed of operation had little effect on grain yield components (Table 12). 
Plots were machine harvested but a sampling error occurred, which was noticed two thirds of the way 
through the trial, these results could not be analysed.  Consequently yield was measured from hand 
cuts taken at maturity (Table 11).  The Nil tillage treatment had the highest yield, more than a tonne 
above the 8 km/hr at flowering tillage treatment.  Also cultivation at flowering alone constantly reduced 
yield at all tillage speeds.  However, there were no statistically significant differences in yield due to 
speed or time of tillage. 
Conclusion 
Results of this trial were variable due to the initial very poor establishment.  Under these 
circumstances it is not surprising that very few measurements showed statistically significant 
differences.  Three points can be taken from the trial.  Firstly lupins are more sensitive to tillage at 
flowering than before.  This could be due to physical damage to flowers themselves, although flowers 
were not observed to be knocked off plants during the tillage operation, or related to root pruning close 
to pod formation and seed fill.  Secondly speed of tillage made little difference to any of the variables 
measured.  Thirdly actual yield loss from the nil treatments to early tillage treatments was low 
indicating that lupins tolerated tillage at this time well.  From this trial it seems that post-emergent 
tillage between wide row lupins warrants further investigation. 
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Table 10. Establishment (plants/m2), Final biomass dry weight (g/m2), 1000 seed weight (g), grain protein 
(%) 
Speed Time Establishment Biomass Seed wt Protein 
2 km/hr 
4 leaf 28.4 620 190.2 27.6 
10 leaf 28.1 565 189.3 27.8 
Flower 29.0 379 185.7 27.9 
4 leaf & flower 28.4 509 196.0 27.6 
4 km/hr 
4 leaf 27.6 676 189.5 27.3 
10 leaf 30.6 661 186.7 27.8 
Flower 30.0 427 188.2 28.0 
4 leaf & flower 30.5 558 190.1 27.6 
8 km/hr 
4 leaf 25.5 772 188.1 27.5 
10 leaf 31.4 421 187.5 27.3 
Flower 29.8 515 184.7 28.0 
4 leaf & flower 33.2 630 191.0 28.0 
0 km/hr Nil 29.3 574 183.6 27.7 
Averages     
Nil 29.3 574 183.6 27.7 
2 km/hr 28.5 519 189.9 27.7 
4 km/hr 29.7 582 188.2 27.7 
8 km/hr 30.0 586 187.4 27.7 
4 leaf 27.2 690 189.3 27.5 
10 leaf 30.0 549 187.8 27.7 
Flower 29.6 441 186.2 27.9 
4 leaf & flower 30.7 566 192.4 27.7 
lsd speed ns ns ns ns 
lsd 5% time ns s 147.7 s 3.889 ns 
lsd interaction ns ns ns ns 
ns Not significant. 
Table 11. Yield (kg/ha) 
 Speed  
Time Nil 2 km/hr 4 km/hr 8 km/hr Av. time 
Nil 4.506     
4 leaf  4.32 4.61 4.14 4.36 
10 leaf  4.07 4.35 4.07 4.16 
Flower  3.87 3.63 3.43 3.64 
4 leaf & flower  4.22 4.30 4.36 4.29 
Av. speed  4.15 4.25 4.03  
lsd speed ns     
lsd time ns     
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Table 12. Total dry weight (g/m2), Stem dry weight (g), pods/stem, seed/pod, seed/stem, seed weight (g) 





































4 leaf 57.7 5.7 3.91 22.3 0.190 19.6 8.4 3.91 32.7 0.178 7.85 5.5 3.90 21.3 0.119 
10 leaf 60.1 7.1 3.94 28.0 0.203 14.8 6.8 3.74 25.7 0.179 3.37 1.7 3.44 5.5 0.138 
Flower 39.1 4.2 3.84 16.2 0.191 11.1 6.1 3.81 23.0 0.171 4.35 2.8 3.51 9.9 0.124 
4 leaf & flower 56.4 5.9 3.88 23.0 0.200 16.1 7.5 3.94 29.7 0.174 5.70 3.5 3.61 12.6 0.130 
4 km/hr 
4 leaf 67.4 7.8 3.81 30.0 0.199 17.4 8.4 3.83 32.0 0.191 6.42 3.2 3.73 11.4 0.143 
10 leaf 65.7 7.2 3.89 28.3 0.147 17.3 8.4 3.74 32.7 0.180 7.62 4.5 3.11 17.0 0.181 
Flower 49.2 5.5 3.87 21.2 0.191 11.2 5.8 3.52 21.0 0.174 2.87 1.3 3.61 4.6 0.142 
4 leaf & flower 54.3 5.8 3.96 23.1 0.176 13.9 7.4 3.77 28.2 0.183 4.65 2.6 3.91 9.5 0.110 
8 km/hr 
4 leaf 64.7 7.1 3.97 28.2 0.191 19.9 9.7 3.85 37.5 0.177 12.80 6.9 3.56 25.0 0.136 
10 leaf 46.4 5.1 3.89 20.2 0.188 13.7 6.1 3.58 22.3 0.170 3.07 3.5 2.97 12.9 0.113 
Flower 52.2 5.5 3.90 21.2 0.208 13.7 6.6 3.70 24.4 0.181 7.00 3.8 3.60 13.9 0.141 
4 leaf & flower 49.7 5.9 3.86 22.8 0.199 14.2 7.2 3.76 27.6 0.173 6.60 2.9 3.64 10.6 0.151 
0 km/hr nil 56.4 5.7 4.01 22.9 0.195 13.9 7.4 3.97 29.3 0.181 6.90 4.4 3.68 16.1 0.131 
Averages                               
Nil 56.4 5.7 4.01 22.9 0.195 13.9 7.4 3.97 29.3 0.181 6.90 4.4 3.68 16.1 0.131 
2 km/hr 53.4 5.7 3.90 22.3 0.197 15.3 7.2 3.86 27.8 0.176 5.38 3.4 3.63 12.6 0.127 
4 km/hr 59.2 6.6 3.89 25.6 0.179 14.8 7.5 3.73 28.5 0.182 5.46 3.0 3.60 10.9 0.144 
8 km/hr 53.3 5.9 3.91 23.0 0.197 15.3 7.4 3.74 28.0 0.176 7.43 4.3 3.45 15.9 0.135 
4 leaf 63.3 6.9 3.90 26.8 0.193 19.0 8.8 3.86 34.0 0.182 9.02 5.2 3.73 19.3 0.133 
10 leaf 57.4 6.5 3.91 25.5 0.192 15.3 7.1 3.69 26.9 0.176 4.69 3.2 3.18 11.8 0.144 
Flower 46.8 5.1 3.87 19.5 0.197 12.0 6.2 3.68 22.8 0.176 4.74 2.6 3.58 9.5 0.135 
4 leaf & flower 53.5 5.9 3.90 23.0 0.195 14.7 7.4 3.82 28.5 0.177 5.65 3.0 3.72 10.9 0.130 
lsd speed ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns 
lsd time ns ns ns ns ns ns ns ns ns ns s 3.16 s 1.744 ns s 6.71 ns 
lsd interaction ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns 
S = p < 0.05;  ns = not significant. 
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The interaction of atrazine herbicide rate and row spacing on lupin seedling 
survival 
Martin Harries and Jo Walker Department of Agriculture, Western Australia 
Background 
Reports from growers suggest that when sowing lupins at wide row spacings, 50 cm, plant damage 
and seedling death caused by group C herbicides is reduced compared to seeding at narrower rows, 
25 cm or less.  There are a number of possible explanations for these observations.  It is well 
documented that throw of soil into furrows is a major cause of seedling damage in narrow row 
spacings.  Firstly it is less likely that soil, and herbicide, will be thrown onto neighbouring furrows when 
they are further apart.  The observation may also be due to differences in crop architecture between 
the row spacings.  It has been documented that plants are commonly taller when placed in wide rows, 
at the same seeding rate as narrow rows, presumably as a result of increased intra-specific 
competition for light.  Increased root competition may also occur through having crop plants sown at 
greater density per metre of row.  Studies of wheat by Paul Blackwell in 2004 have documented 
deeper root growth by plants in wider rows.  Hence increased plant density in the row would be 
expected to encourage early tap root growth and moisture acquisition out of the atrazine leaching 
zone.  Another explanation is that atrazine wash into furrows may be reduced, due to reduced amount 
of furrows, allowing seedlings to access moisture away from the row and any concentrated atrazine.  
The aim of this trial was to test whether there was an interaction between row spacing and triazine 
damage. 
Method 
The trial design included three row spacings (12.5, 25 and 50 cm) factorially with four rates of atrazine 
(0, 0.5, 1.0, 2.0 L/ha).  The 12 treatments were arranged in four replicates of randomised complete 
blocks.  The trial was seeded with 100 kg/ha Mandelup lupins on 29 April with good follow up rains the 
following day.  Dry matter production, seed quality and yield were measured. 
Results 
Biomass production at all row spacings was reduced by increasing rates of atrazine.  On 22 June 
biomass production was significantly lower at 2.0 L/ha compared to all other atrazine rates.  At 
1.0 L/ha biomass production was significantly lower than the 0.5 and 0 L/ha treatments.  There was no 
interaction between seeding rate and row spacing.  However, it is interesting to note that when 
2.0 L/ha of atrazine was applied biomass of the 12.5 cm treatment was reduced to approximately one 
quarter of the Nil atrazine treatment for that row spacing.  The 25 and 50 cm spacings suffered a much 
lower percentage reduction, approximately 50 per cent, from their respective nil atrazine treatments 
from this rate of atrazine (Table 13).  The variation in biomass production at this time can be explained 
by corresponding reductions in plant density caused by seedling death from increasing rates of 
atrazine (R2 0.78) (Table 13).  Plant weight was also significantly reduced at the 1.0 and 2.0 L/ha 
atrazine rates compared to the 0.5 and 0 atrazine rates. 
On 4 August the trend of reduced dry weight with increasing atrazine rate continued to be observed.  
Average biomass of nil atrazine treatments was 397 grams per square metre while at the 2.0 litre 
atrazine rate biomass was reduced to 318 grams per square metre.  Single plant weights were 
significantly higher in the 12.5 cm rows compared to the other spacings.  Plant weights were also 
higher in the 2.0 L/ha atrazine treatment compared to other atrazine treatments.  This is the opposite 
of what was observed at the earlier sampling date.  In the lower plant density situations, caused by 
earlier atrazine damage and seedling death, remaining plants were able to recover so that by the end 
of the season they were larger than plants in higher density populations. 
Grain yield quality, including 1000 seed weight and protein, were not affected by any of the 
treatments.  Yield was significantly reduced at the 2.0 L/ha atrazine rate compare to other rates.  This 
was expected considering the reduction in plant density and biomass of this treatment.  This 
experiment showed that seedling death was higher at the very narrow row spacing of 12.5 compared 
to 25 and 50 cm spacings.  However, the narrow row spacing, 12.5 cm, out-yielded both the 25 and 
50 cm spacings in this favourable season regardless of reductions in plant density.  There were trends 
in the plant density data and percentage yield reduction from the nil treatment (Table 14) indicating a 
possible interaction between atrazine rate and row spacing but this was not statistically significant. 
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0.0 57.5 47.5 1.24 394 34.0 11.99 178.5 29.2 
0.5 56.0 36.0 1.59 398 39.0 10.54 177.5 29.5 
1.0 35.0 38.0 0.93 356 38.5 9.28 174.7 29.1 
2.0 14.5 12.0 0.98 257 18.5 13.39 175.6 29.5 
25 
0.0 62.5 61.0 1.05 392 52.0 7.55 182.8 29.6 
0.5 55.0 41.0 1.37 379 39.0 9.65 173.6 29.0 
1.0 37.5 41.0 0.91 361 50.5 7.14 174.7 29.0 
2.0 28.5 31.5 1.00 386 37.5 10.24 188.3 29.4 
50 
0.0 54.0 52.5 1.02 403 43.0 9.65 181.4 28.8 
0.5 62.0 57.0 1.10 320 45.5 7.21 175.6 29.1 
1.0 50.0 55.0 0.91 404 55.0 7.24 176.8 29.3 
2.0 24.0 22.0 1.07 310 27.5 11.92 170.9 29.3 
lsd row ns s 8.09 ns ns hs 5.97 s 1.93 ns ns 
lsd rate hs 9.62 hs 9.34 s 0.24 ns hs 6.89 s 2.22 ns ns 
lsd interaction ns ns ns ns ns ns ns ns 
hs, p < 0.001, sp < 0.05, ns not significant. 
Table 14. Yield (kg/ha) 
 Atrazine rate (L/ha)  
Row spacing 
(cm) 
0.0 0.5 1.0 2.0 
Av. row 
spacing 
12.5 2.55 *(100) 2.54 (100) 2.48 (97) 1.96 (77) 2.4 
25 2.10 (100) 1.80 (86) 1.92 (91) 1.80 (85) 1.9 
50 2.00 (100) 1.93 (97) 2.08 (104) 1.81 (91) 2.0 
Av herb rate 2.22 2.09 2.16 1.86  
lsd row hs 0.152     
lsd rate hs 0.175     
* Figures in brackets are percentage of Nil atrazine rate, hs p < 0.001. 
 
The banding of herbicides on lupin row crops 
Martin Harries, Jo Walker and Murray Blyth, Department of Agriculture, Western Australia 
Background 
This trial examined the potential to use a disc seeder leaving an almost flat row to avoid atrazine wash 
into the furrow compared to a traditional furrow sown press-wheel configuration.  The aim was to 
assess crop safety from pre-sowing and post-sowing pre-emergent applications of atrazine to flat and 
furrowed sown seedlings.  With a trend towards sowing lupins in wide row spacings growers are keen 
to be able to target weed control efforts at either the row or inter-row.  In general robust weed 
management options are available for growers to control weeds between rows, such as shielded 
spraying or cultivation.  While these technologies are still being refined they provide obvious 
non-selective weed control strategies in row cropping situations.  Methods for controlling weeds within 
the row are less obvious.  One suggestion is to use soil residual herbicides such as group C’s 
post-sowing pre-emergent rather than pre-sowing.  The triazine herbicides used pre-emergent in lupin 
all have varying degrees of soil mobility and crop safety.  Crop safety is obtained under current 
seeding systems by applying herbicide before seeding then using a knife point to throw soil, and  
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herbicide, from the row.  While throwing herbicide away from the row increases crop safety it reduces 
efficacy on weeds.  If applied post sowing pre emergent more herbicide is retained in the furrow and 
not thrown from the furrow by knife points while sowing. 
Method 
Treatments included two seeding methods (level seedbed or furrow) factorially with two times of 
application (pre-seeding or post-seeding pre-emergent) and four atrazine rates (0, 0.5, 1.0 and 
2.0 L/ha), 50 per cent active formulation.  Four replicates were sown in randomised bocks.  Plots 
comprised of six rows at 55 cm spacings, edge rows were not used for measurements and were not 
harvested.  The trial was seeded into moist yellow sandplain soil on 28 April at Eradu.  Measurements 
taken included establishment, dry matter cuts, grain yield component analysis, grain protein 
percentage and yields. 
Results 
The trial established well with an overall plant density of 45 plants per square metre.  There was a 
difference in the establishment rates for the two types of seed beds.  Seed beds left flat had on 
average 48 plants per square metre while furrowed seed bed plots had on average 42 plants per 
square metre (Table 15). 
Atrazine rate had the most influence on the trial as expected.  Weed density and weeds per metre of 
row on 24 May along with, weed dry weight 11 August and weed scores 30 June all showed 
statistically significant increases in weed control with increased herbicide dosage (Table 15).  
Herbicide rate also affected lupin plant growth.  On 30 June lupin vigour was significantly reduced with 
the Nil and 0.5 L/ha treatments having higher vigour than the 1.0 L/ha and 2.0 L/ha treatments 
(Table 15).  Lupin plant height was also reduced by an average of 4.4 cm when comparing Nil and 
2.0 L/ha treatment averages, however this was not statistically significant (Table 15).  Final dry weight 
of lupins also followed the same trend with Nil treatments having 18 per cent higher biomass than 
2.0 L/ha treatments. 
Seeding method and timing of herbicide application had less effect on the lupins than herbicide rate.  
Dry matter on 8 August was reduced by 11 per cent in furrows compared to flat bed seeding, from 276 
to 245 grams per square metre.  The furrow sown post emergent sprayed treatments had the lowest 
vigour and dry matter production.  Vigour of this treatment at the 2.0 L/ha atrazine rate measured on 
30 June was 3.5 compared to a grand mean of 5.36.  Dry matter on 8 August averaged 153 g/m2 
compared to a grand mean of 260 g/m2 and dry matter on 14 September was 270 g/m2 compared to 
the grand mean of 463 g/m2 (Table 15).  Yields also show that the same treatment with low vigour and 
dry matter production had the lowest yield and that high herbicide rates applied post-emergent onto 
furrows reduced yields sharply (Table 16).  Yield results indicate that furrow seeding did yield less 
than leaving the seed bed flat but again this was not significant (Table 16).  While there were clear 
trends within the data indicating better crop safety with flat sown versus furrow sown treatments when 
herbicide was applied post-sowing pre pre-emergent none of these results were statistically 
significant. 
In 2005 a few commercial operators used seeding machines with nozzles attached to the press-wheel.  
Using this method herbicide was applied to the furrow directly after seeding.  Unfortunately this 
method of application resulted in variable crop safety, as it did in the trial above.  Attaching the nozzle 
to the press wheel reduced crop safety.  As soil conditions changed the depth of the furrow left by the 
press wheel changed.  A deeper furrow resulted in the nozzle being closer to the soil surface resulting 
in a thinner band of more concentrated herbicide. 
Conclusion 
It will be very difficult to achieve consistent crop safety when band spraying triazines onto furrow sown 
lupins post-sowing pre-emergent, even if an engineering solution is developed to ensure that herbicide 
is delivered accurately to the row.  Band spraying onto a flat seed bed will be a safer option.  Flat bed 
sowing will be most effective when wet sowing, when water harvesting to obtain germination is not 
required.  Herbicides with less soil mobility such as Brodal®, Kerb® or Dual Gold® may be better 
suited to post sowing pre emergent application onto furrows. 
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Table 15. Establishment (plants/m2), weed density between rows (plants/m2), Weeds per metre of row, 































Flat bed  
Nil Nil 46.2 255.7 11.2 4.6 6.0 38.3 268 304 567 
Post 
sowing 
0.5 50.7 247.7 5.3 4.3 6.3 39.9 322 250 495 
1.0 48.9 133.3 1.5 1.5 4.6 35.8 243 122 384 
2.0 46.5 88.1 1.0 1.0 4.3 32.8 259 111 470 
Pre sowing 
0.5 47.6 137.2 2.8 2.4 6.0 37.3 281 200 458 
1.0 46.3 112.7 1.9 2.0 5.4 37.1 276 104 418 
2.0 49.7 96.8 1.6 1.3 6.0 38.1 279 87 553 
Furrows 
Nil Nil 42.1 293.6 6.7 5.0 6.0 39.0 305 260 482 
Post 
sowing 
0.5 41.1 145.4 2.2 2.5 6.0 36.6 273 253 607 
1.0 41.2 135.1 2.1 2.5 4.6 33.4 208 213 488 
2.0 43.5 162.4 2.3 1.5 3.5 29.5 153 210 270 
Pre sowing 
0.5 42.2 155.3 2.1 3.0 5.5 36.6 281 244 375 
1.0 40.1 125.9 1.7 2.4 5.3 36.9 232 172 484 
2.0 44.9 84.7 1.0 1.6 5.6 36.7 261 135 438 
lsd seeding s 1.9 ns ns ns ns ns ns ns ns 
lsd herb. time ns ns ns ns ns ns ns ns ns 
lsd herb. rate ns hs 53.0 (s) 1.80 hs 0.89 s 1.06 ns ns hs 76.7 ns 
CV% 7.7 17.5 10 40.4 8.5 12.1 29.6 45.9 27.6 
hs, p < 0.001, s P < 0.05, ns, not significant. 
* Weed score 0 = nil weeds, 9 = 100% ground cover, +Vigour 0 = dead, 9 = healthy. 
Table 16. Yield (t/ha) 
  Atrazine rate (L/ha)   






Nil 2.173    2.03  
Post sowing  2.026 1.656 2.065   
Pre sowing  2.133 1.904 2.279   
Furrows 
Nil 1.913    1.90  
Post sowing  2.042 1.803 1.435  1.84 
Pre sowing  1.943 1.93 2.215  2.07 
  Av herb rate 2.04 2.04 1.82 2.00   
lsd seeding ns      
lsd Herb timing ns      
lsd Herb rate ns      
ns Not significant p < 0.05. 
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Large plot testing of herbicide tolerance of new lupin lines 
Wayne Parker, Department of Agriculture, Western Australia 
Background 
A major focus of lupin plant breeding in recent years has been to select lines with improved metribuzin 
and anthracnose tolerance.  These are two of the main agronomic attributes required by growers in 
the major lupin growing areas of the northern agricultural region.  Regional testing of new lines against 
current varieties is carried out through plant breeding and Crop Variety Testing trial programs.  
However prior to release only a limited amount of large plot testing is conducted.  In 2004 seed of 
promising lines including WALAN 2196, 2173M and 2231 was collected from CVT trials.  This seed 
was used in 2005 to undertake additional herbicide tolerance trialling in large plots, prior to adequate 
pedigree seed becoming available.  Each of the numbered lines, included have been identified as 
potential releases in the coming years either due to excellent quality traits, 2173M or outstanding yield 
compared to current varieties..  Retaining seed from CVT trials increases agronomist and grower 
awareness of promising lines and adds to the information available prior to selection and release.  
Aim 
To compare the herbicide tolerance, yield potential and protein of promising stage 4 lupin lines, 
against current varieties, Mandelup and Tanjil at Mullewa and Eradu. 
Method 
Five lines/varieties were included; WALAN2173M, WALAN2196, WALAN2231, Mandelup and Tanjil.  
WALAN lines were included because they are the most likely narrow leaf lupin line to be release.  
Mandelup was included because it has good tolerance to metribuzin.  Tanjil was included because it is 
sensitive to metribuzin.  Herbicide treatments compared a three way mix of simazine, metribuzin and 
Brodal® against common herbicides used at each location.  Three replicates of each variety were 
sown in a randomised blocks.  The trial was a strip plot design with main plot variety and sub-plot 
herbicide treatment.  Plots were 5 x 20 m.  
The herbicide treatments at the Mullewa site, low rainfall with a heavier soil type, were as follows: 
• Herbicide treatment 1:  10 June 0.15 L/ha Brodal.  
• Herbicide treatment 2:  10 June 0.5 L/ha Simazine, 100 g/ha Lexone, 0.1 L/ha Brodal. 
The herbicide treatments at the Eradu site, medium rainfall on yellow sand, were as follows: 
• Herbicide treatment 1:  3 June 0.1 L/ha Brodal, 100 g/ha Lexone. 
• Herbicide treatment 2:  3 June 0.5 L/ha Simazine, 100 g/ha Lexone, 0.1 L/ha Brodal. 
Results 











WALAN2231 1.32 1.56  1.56 1.34 
WALAN2196 1.17 1.52  1.59 1.64 
WALAN2173M 0.92 1.14  1.52 1.48 
Mandelup 0.96 1.29  1.55 1.50 
Tanjil 0.97 1.15  1.39 1.22 
Av herbicide 1.07 1.33  1.52 1.44 
lsd (p < 0.05)   lsd (p < 0.05)   
Variety 0.25  Variety NS  
Herbicide NS  Herbicide 0.15  
Variety x herbicide NS  Variety x herbicide NS  
ns Not significant. 
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Table 18. Grain protein of the Mullewa demonstration (%) 
Mullewa 
Average protein (%) 
Herbicide treatment 1 Herbicide treatment 2 
WALAN2231 29.1 30.2 
WALAN2196 30.8 31.2 
WALAN2173M 31.7 32.5 
Mandelup 29.9 30.7 
Tanjil 29.8 31.1 
lsd   
Variety 0.72  
Herbicide 0.48  
Variety x herbicide NS  
ns Not significant. 
Discussion 
All varieties at both sites suffered yield pressure from soil active herbicide damage after sowing.  The 
wet, warm soil conditions made for highly active simazine applied at 2 L/ha pre-sowing.  
At Mullewa WALAN2231 and WALAN2196 had significantly higher yield than Mandelup, Tanjil and 
2173M.  This concurs with previous CVT trial data which indicates WALAN2196 yields higher than 
current released varieties in low rainfall environments.  Protein of WALAN2173M was significantly 
greater than the other varieties in the trial.  Protein is a major reason for 2173M being considered for 
release despite it not being the highest yielding line.  Herbicide treatment had no significant effect on 
yield at Mullewa.  At Eradu, averaged across the varieties the three way mix significantly reduced 
yields.  At this site there was no significant difference in yield between the varieties/lines. 
Conclusion 
Varieties performed as expected.  Yield loss from Tanjil as a result of the three way mixture was lower 
than expected.  This may be a consequence of the long season and extended recovery period, many 
crops with extensive triazine damage recovered to yield well this year.  
 
Effects of seed source and simazine rate of seedling emergence and growth 
Peter White and Greg Shea, Department of Agriculture, Western Australia 
Background 
During 2005 several farmers reported problems with the establishment and early vigour of Mandelup 
lupin crops.  Mandelup is a newly released variety.  Growers purchased small amounts of seed 
(1-2 tonnes) in 2005.  Growers who reported problems were multiplying seed of Mandelup for next 
year’s (2006) production so small Mandelup crops were often located next to their standard lupin 
variety.  Stark comparisons could be made between the standard variety and Mandelup because 
management of the two crops were similar.  Some farmers reported that emergence of Mandelup was 
poor, plant density was low and seedlings showed symptoms like simazine toxicity. 
Several theories were offered as explanations for these observations.  Experiments described here 
were designed to test two of these hypotheses:  1) Mandelup is not more sensitive to simazine than 
other lupin varieties; and  2) extra handling reduced seedling vigour.  
Aim 
• Compare the sensitivity of Mandelup to simazine with other varieties that have poor (Danja) and 
good (Gungurru) tolerance. 
• Determine if extra handling of seed is related to the poor emergence and seedling vigour. 
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Method 
Two pot experiments were conducted in the glasshouse at the Department of Agriculture South Perth.  
The first experiment covered a wide range of simazine rates; the second experiment examined a 
narrower range of rates but a greater number of seed sources.  The first experiment was necessary 
because the critical concentration of simazine in the soil that would cause damage to lupins was not 
known for the methodology used in the experiments.  
Experiment 1 
Treatments consisted of 10 simazine rates (0.01, 0.02, 0.04, 0.08, 0.16, 0.32, 0.64, 1.28, 2.56, 5.12 µg 
simazine/g soil), three seed sources (Table 19) and two replications.  Pots contained 2.75 kg of sand 
and were sealed at the bottom to prevent drainage.  Full basal nutrients were applied (except N) and 
seeds inoculated with Group G, peat-based inoculum.  Simazine was applied as a suspension of 
Simagranz® (89.7% simazine).  Nutrients and simazine was mixed throughout the soil.  Ten seeds per 
pot were sown.  The water content of pots was maintained at field capacity by regularly watering to 
weight.  At 10 days after sowing, plants were thinned to four per pot by removing small or abnormal 
seedlings. 
Experiment 1 also included one other source of Mandelup seed and seed of Lupinus mutabilis.  To 
simplify reporting, the data from these seed sources are not included here.  Results from these 
sources were the same as those for Mandelup-ped. 
Experiment 2 
Treatments consisted of 5 simazine rates ((0.0, 0.15, 0.25, 0.35, 0.40 µg simazine/g soil), five seed 
sources (Table 19) and three replicates.  Experiment 2 occurred about 5 weeks after Experiment 1.  
Unlike Experiment 1, plants were not thinned so that all plants emerging were left to grow until 
harvest.  All other aspects of the experiment were the same as for Experiment 1. 
Table 19. Seed sources 
Name Description 
Experiment 1 
Danja Pedigree seed from Wongan Hills Research Station. 
Mandelup-ped Pedigree seed from Wongan Hills Research Station. 
Mandelup-BR1 
Commercial seed sampled from a lot purchased by a farmer in Bruce Rock.  Treated 
with .25 g a.i Ipriodione/kg seed + 1 g a.i Thiram/kg seed. 
Experiment 2 
Danja Pedigree seed from Wongan Hills Research Station. 
Mandelup-ped Pedigree seed from Wongan Hills Research Station. 
Mandelup-BR1 
Commercial seed sampled from a lot purchased by a farmer in Bruce Rock.  Treated 
with .25 g a.i Ipriodione/kg seed + 1 g a.i Thiram/kg seed. 
Mandelup-ABR 
Original source of the Mandelup-BR1 obtained from the seed grower before the seed 
had been cleaned, pickled and transported. 
Mandelup-HDS 
Commercial seed sampled from a lot purchased by a farmer in Borden.  Treated with 
.25 g a.i Ipriodione/kg seed + 1 g a.i Thiram/kg seed. 
Gungurru Trial seed harvested from a lupin historical trial at Wongan Hills. 
Note:  All seed sources came from crops sown in 2004. 
Results 
Experiment 1 
Fewer seedlings of Danja or Mandelup-BR1 emerged compared with Mandelup-ped (Figure 12).  On 
average, across all simazine rates, 7.2, 7.3 and 9.2 seedlings per pot emerged for Danja, Mandelup-
BR1 and Mandelup-ped respectively.  Simazine reduced the number of seedlings emerging (Table 20 
and Figure 12).  This was particularly noticeable for Danja and Mandelup-BR1.  However, results were 
variable and there was no interaction between seed source and simazine rate. 
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Simazine reduced the total dry weight of shoots of all seed sources (data not shown).  There was no 
difference between seed sources in their response to simazine.  The dry weight of shoots of seedlings 
started to decrease when rates above 0.08 ug simazine/g soil was applied.  Minimum dry weights 
occurred at rates higher than 0.32 ug simazine/g soil.  At these rates, most plants were dead at 
harvest. 
Table 20. Germination test result compared with the number of seedlings emerging from pots with the 
lowest and highest rate of simazine applied (Experiment 1) 
Seed source 
DAWA plant laboratory 
germination test 
Pots with 0.01 µg/g simazine Pots with 5.16 µg/g simazine 
 % normal % abnormal % normal % abnormal % normal % abnormal 
Danja 66 34 65 10 65 35 
Mandelup-ped 73 27 75 15 65 20 
Mandelup-BR1 97 3 95 0 95 0 
lsd 5%  2.4 (% normal); 5.3 (% abnormal) 


























LSD 5%, 3.09; cv %, 9.9
 
Figure 12. Number of seedlings emerged six days after sowing (Experiment 1). 
Experiment 2 
Seed source had a large affect on the number of seedlings emerging (Table 21).  Mandelup-ped had 
the highest number of seedlings emerging and the lowest number of abnormal seedlings (Table 21).  
Danja and Mandelup-HDS had the lowest number of seedlings emerging.  Simazine did not affect the 
emergence of any seed source (data not shown). 
Both seed source and simazine application had a large effect on the total dry weight of shoots (Figure 
13).  Applying simazine at the highest rate reduced shoot weight to about one third of the weight of 
plants grown without simazine.  Mandelup-ped produced the highest dry weight of shoots; which was 
about three times higher than the dry weight of shoots of Danja which produced the lowest dry weight 
of shoots of all seed sources.  The response of Gungurru-ped to simazine was similar to the other 
Mandelup seed sources.  The dry weight of shoots of Mandelup-BR1 was lower than that of 
Mandelup- ABR at all simazine rates. 
Differences between seed sources were smaller when dry weight of shoots was corrected for the 
different number of plants in each pot (total dry weight of shoots divided by number of plants per pot), 
but the pattern of response remained the same.  These data are not presented. 
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Table 21. Number of seedlings emerged seven days after sowing (Experiment 2) 
Seed source 
Simazine rate (µg/g soil) 
0.00 0.15 0.25 0.35 0.40 
Mandelup-HDS 7.7 7.0 4.3 4.0 4.3 
Danja 5.3 4.7 5.0 5.7 5.3 
Gungurru 8.7 8.0 9.0 10.0 8.7 
Mandelup-ped 9.7 9.7 9.3 9.3 9.3 
Mandelup-BR1 7.7 6.0 7.7 8.0 7.0 
Mandelup-ABR 9.0 8.7 9.3 9.3 8.7 






























LSD 5%, 0.27; cv%, 6.4
 
Figure 13. Dry weight of shoots of plants harvested 25 days after sowing (Experiment 2). 
Discussion 
Mandelup was tested against a range of herbicides, including simazine, during its development.  
Problems with herbicide susceptibility, compared with other varieties currently grown, were not 
observed.  Results from this pot experiment confirm that Mandelup is not unduly sensitive to simazine.  
Indeed, the data suggest that its level of tolerance to simazine is similar to Gungurru, a variety that 
has reputed high tolerance to simazine. 
Comparing Mandelup-ABR with Mandelup-BR1 may indicate the effect of extra handling on lupin seed 
because these are the same seed source but sampled from different points in the supply chain.  The 
lower dry weights of Mandelup-BR1 were a result of fewer seedlings emerging and lower vigour of 
some seedlings.  The lower vigour was indicated by a lower weight per seedling of Mandelup-BR1 
compared with Mandelup-ABR.  Removing poor seedlings from the pots produced the same dry 
weight for Mandelup-BR1 as for Mandelup-ped in Experiment 1. 
There is some indication that simazine application may further reduce the number of seedlings 
emerging in seed sources that already have low germination percentages.  However, results from 
these experiments are variable and it is difficult to draw firm conclusions.  It is clear however, that 
using high quality seed that has a high germination percentage is the best way of ensuring a dense 
vigorous lupin crop that then has potential for high yield. 
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The effect of lupin row spacing and seeding rate on a following wheat crop 
Martin Harries, Jo Walker and Dirranie Kirby, Department of Agriculture, Western Australia 
Background 
There has been considerable interest in row cropping of lupins over the past three to four years.  
Extensive trials have determined that lupins are well suited to being grown on 50 cm wide row 
spacings, or wider in some situations, without causing yield reductions.  Increases in pod height with 
wider rows (when sown at the same seed rate per hectare) have been documented from trials and 
observed in grower’s paddocks.  In lower rainfall situations pod height is a major factor in determining 
harvest efficiency.  Improved drought tolerance in rows of 50 cm has been recorded compared to 
25 cm rows.  It has been shown that plants in the wider rows continue to fill seed for a week to ten 
days after those in narrow rows.  These advantages along with the ease of seeding (less tynes in the 
ground) and some possibilities of alternative weed management in wide rows make wide rows an 
attractive option.  However, the effect of using wide rows on the following wheat crop has not been 
investigated. 
Method 
To gain data on the effect of lupin row spacing on the following wheat yield two lupin experiments 
conducted in 2004 which had differing row spacings as treatments were sown to wheat in 2005.  
Experiment one included lupins sown in 2004 at three row spacings (25, 50 and 100 cm) factorially 
with three seeding rates (50, 100 and 150 kg/ha).  Six replicates were sown in randomised bocks at 
Mullewa Research Annex into a red sandy loam.  Lupin yields ranged from 0.9 to 1.3 t/ha.  Experiment 
two included lupins sown in 2004 at three row spacings (25, 50 and 75 cm); two diammonium 
phosphate rates (60 and 120 kg/ha); and two diammonium phosphate placements at seeding (banded 
below seed or topdressed).  The trial was seeded into yellow sandplain soil pH 4.1 at the Northern 
Sandplain Annex, Eradu. Lupin yields in 2004 ranged from 2.10 to 2.46 t/ha. 
Results 
Wheat yield and quality were not significantly affected by lupin treatments, row spacing or seeding 
rate, of experiment one from the preceding year (Table 22).  Yield and quality characteristics apart 
from grain protein were unaffected by the previous lupin treatments in experiment two (Table 23).  
Grain protein was reduced as row spacing increased at the Eradu site.  Averaged across row spacings 
25, 50 and 75 cm treatments produced 12.26, 12.15 and 12.09 per cent grain protein respectively.  
The 50 and 75 cm treatments were significantly lower in grain protein than 25 cm (p < 0.05). 
Conclusion 
Wide row spaced lupins resulted in no yield loss from wheat the following year.  Most grain quality 
traits were also unresponsive to lupin row spacing.  The fact that at one trial wheat grain protein 
decreased as lupin row spacing increased does indicate that wheat yield and quality should be 
monitored.  Similar trials are planned for 2006 and the Farming System project has implemented large 
scale rotational trials which include wide and narrow lupin row spacings to do this. 





Screenings Staining (%) 
Hectolitre 
weight 
Protein (%) Yield (t/ha) 
25 50 13.9 9 82.40 12.58 2.48 
25 100 12.5 11 81.26 12.90 2.48 
25 150 12.6 10 81.59 13.03 2.52 
50 50 10.3 11 81.85 12.75 2.53 
50 100 13.9 10 82.48 12.65 2.56 
50 150 12.4 10 81.96 12.55 2.59 
100 50 12.6 12 82.47 12.82 2.58 
100 100 13.3 11 81.82 12.60 2.59 
100 150 10.5 7 81.42 12.70 2.58 
lsd row ns ns ns ns ns 
lsd rate ns ns ns ns ns 
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Protein (%) Yield (t/ha) 
25 Banded 60 1.9 19 83.2 12.23 3.755 
25 Banded 120 1.9 21 83.0 12.28 3.928 
25 Dressed 60 1.8 19 82.8 12.18 3.987 
25 Dressed 120 2.0 22 82.9 12.35 3.878 
50 Banded 60 1.9 23 82.6 12.20 3.765 
50 Banded 120 1.8 24 83.2 12.15 3.78 
50 Dressed 60 1.8 18 83.1 12.10 4.012 
50 Dressed 120 1.9 21 83.3 12.15 3.828 
75 banded 60 2.2 23 83.6 12.00 3.873 
75 banded 120 1.6 18 82.7 12.08 3.998 
75 dressed 60 1.9 19 83.0 12.24 3.776 
75 dressed 120 1.7 22 83.8 12.02 3.942 
lsd row spacing ns ns ns (s) 0.1049 ns 
lsd fert. placement ns ns ns ns ns 
lsd fert. level ns ns ns ns ns 
s p < 0.05, = ns not significant. 
 
Response of the crop lupin species to row spacing 
Leigh Smith1, Kedar Adhikari1, Jon Clements2 and Patrizia Guantini3 
1Department of Agriculture, Western Australia 
2CLIMA, The University of Western Australia  
3University of Florence, Italy 
Background 
Wider row spacings for lupins have been increasingly trialled by growers in the popular lupin growing 
regions of Western Australia.  Farmers have used 50 cm spacings compared with the traditional 
20 cm, although wider rows have also been tried.  The agronomic benefits of wider rows include better 
stubble handling, better facilitation of weed control, higher harvest index and lower yield variability 
during poor seasons (French 2005).  Previous work has mainly been with narrow leafed lupin 
(L. angustifolius) and little information is available about the other crop lupin species:  albus, yellow 
(L. luteus) and pearl (L. mutabilis) lupins.  Some row spacing and planting density work has been done 
in Europe for L. albus (e.g. Shield et al. 2002) and some planting density work was also done in 
Europe for L. mutabilis (Hardy et al. 1997).  In trials at several sites in Western Australia narrow leafed 
lupin dry matter production was generally highest at conventional narrow row spacings but harvest 
index increased at wider row spacings.  Yield, however, responded to row spacings in a variable way 
depending on environment, although there appeared to be an advantage of wider rows at lower rainfall 
sites.  Narrow spacings result in higher water use earlier in the season compared with wide spacings 
and therefore wider rows provide more available water for the critical pod filling stage in lower rainfall 
environments (French 2005).  There is probably a more efficient use of water within and close to the 
row.  The additional water comes from between the rows during pod filling (Parker et al. 2005).  Wide 
rows were not recommended for late sowing times (French 2005) or for cooler, higher rainfall southern 
sites (Parker et al. 2005).  Seeding rates of 100 kg/ha have been recommended for wide rows, as the 
higher rate provides a buffer in the case of poor establishment (Harries et al. 2005). 
Aim 
• To examine the effect of wider rows on growth and yield of the three crop species of lupins 
(narrow leafed, yellow and albus lupin) and on pearl lupin, a potentially new high value crop 
legume species. 
• To investigate the distribution of yield on branch orders of the plant as affected by row spacing. 
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Method 
Treatments consisted of four species, including three yellow lupin lines, two row spacings (20 cm and 
60 cm) and three replicates in a split plot design with row spacings as main plots and lines as 
subplots.  The species and lines are shown in Table 24.  The experiment was conducted at the 
Department of Agriculture, Western Australia, South Perth field plots on a grey Tuart sandy soil.  Seed 
was sown on 11 May 2005.  Plots consisted of 3 rows either 60 cm apart (wide rows) or 20 cm apart 
(narrow rows) and 1.5 m long.  Measurements during growth and at harvest were taken on the middle 
row excluding the end plants.  For biomass and yield data results were expressed on a per square 
metre basis.  Weeds were controlled with Roundup @ 1 mL/L.  Plots were fertilised to adequate levels 
with superphosphate and trace elements.  Fungal diseases (anthracnose and botrytis) were controlled 
with a total of 6 applications of 1 mL/L Bravo and one application of Mancozeb @ 1 mL/L.  Insect were 
controlled by one application of Dominex @ 1 mL/L along with a barrier of snail pellets around the trial 
area.  Flowering times were recorded during the growing season and plots were monitored for fungal 
diseases and pests.  
Results 
Seasonal rainfall (May-Oct.) at South Perth was 696 mm (supplementary irrigation was provided 
during the growing season when rainfall was inadequate).  The lines used varied in flowering time with 
P26961 (L. mutabilis), 99D001-21 (L. luteus) and Mandelup (L. angustifolius) flowering in the early 
range (70-76 days after sowing) and Acos flowering late (Table 24).  Pootallong and Andromeda were 
early to intermediate in flowering time.  There was no influence of row spacing on flowering time.  
Wide rows (60 cm) produced plants that were on average 9 cm taller than narrow rows (20 cm).  
Table 24. Species and lines with their flowering times  
Species Line Days to flowering 
L. angustifolius Mandelup 76 
L. albus Andromeda 85 
L. mutabilis P26961 70 
L. luteus Acos 112 
 Pootallong 84 
 99D001-21 73 
lsd (p < 0.05)  0.6 
Narrow rows produced higher biomass on a square metre basis for all lines except Andromeda.  The 
narrow row spacing produced generally higher total seed yields for Pootallong (L. luteus) and P26961 
(L. mutabilis) (Figure 14).  Andromeda produced slightly (although not significantly) more seed yield 
































Figure 14. Total seed yield (on a per m2 basis) of lines from four lupin species for narrow and wide rows.  
lsd (p < 0.05) = 118. 
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Different lines had different yield distribution patterns over branch orders but these patterns were 
generally preserved across both row spacing treatments (Figure 15a,b).  The main stem (MS) clearly 
dominated seed yield for, Pootallong, P26961 and Acos and was slightly dominant for Andromeda.  
For 99D001-21 and Mandelup the largest proportion of yield came from the 1st order lateral branches 
(1st OL) in both 20 cm and 60 cm row spacings.  Wider rows increased the proportion of MS yield in, 
Pootallong, Acos and 99D001-21.  Basal branches produce some yield in Pootalong, P26961 and 
Acos with a very small amount in Mandelup.  Narrower rows tended to increase the yield from basals 
in these lines. 
























































Figure 15. Seed yield distribution across branch orders (MS = main stem, 1st OL, 2nd OL, 3rd OL, 4th 
OL = 1st, 2nd, 3rd, and 4th order lateral branch respectively, BasalM = basal main branch, 
Basal1st = basal 1st order lateral arising from basal main branch) for a) 20 cm row spacing and 
b) 60 cm row spacing.  lsd (p < 0.05) = 25. 
Discussion 
There was no influence of row spacing on time to flowering in any of the lines but plant height at 
harvest was increased in wider rows.  Lines demonstrated a range of flowering times and among the 
three L. luteus genotypes, Pootallong which was intermediate flowering (84 days after sowing) 
outyielded the early and late L. luteus lines particularly at the narrow row spacing.  The range in 
flowering times confirmed the existence of early flowering genotypes within L. mutabilis and L. luteus 
breeding material, a necessity for Western Australian breeding programs.  Wide rows (60 cm)  
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produced plants that were on average 9 cm taller than narrow rows (20 cm).  Wider rows had higher 
within row plant density and this etiolates the plant as it competes for light with its neighbours.  This 
result is consistent with previous work where higher plant density generally increased height (Bowden 
and Scanlan 2005).  The greatest effect of row spacing on plant height in the current experiment was 
on Andromeda (L. albus), the genotype with the largest seed size in the experiment) which was 19 cm 
taller in wide rows compared to narrow rows. 
The current experiment was conducted at a site with a relatively high rainfall, conditions for which 
previous research has indicated that wide rows are not likely to produce yield advantages (Parker 
et al. 2005).  Narrow rows produced higher biomass on a square meter basis for all lines except 
Andromeda.  Mandelup (L. angustifolius) produced slightly (though not significantly) higher yield from 
narrow than wide rows.  Bowden et al. (2005) found that over several fertiliser regimes and in-row 
plant densities, L. angustifolius (cv. Kalya) had about 20 per cent higher yield in narrow row spacings 
compared to wide rows.  The narrow row spacing did however produce significantly higher total seed 
yields for P26961 (L. mutabilis), and Pootallong (L. luteus).  There were slightly higher (although not 
significantly higher) yields in narrow rows for all other lines except for Andromeda where wider rows 
produced slightly (although not significantly) more seed yield.  Trials in north-west Europe for autumn-
sown L. albus have shown there to be little yield advantage or even lower yields from wide rows 
(> 40 cm) compared with narrow rows (Shield et al. 2002). 
P26961, whose yield was dominated by the main stem, did rely more than any other line on yield from 
virtually all other branch orders including some from 4th OLs.  In the case of L. angustifolius, the 2nd OL 
was still significant for yield.  Mandelup derived 97 per cent of its yield from the MS, 1st OL and 2nd OL 
branches and was therefore another line along with P26961 for which higher branch orders 
contributed to yield. 
The yield distribution patterns across branch orders were generally preserved across both row spacing 
treatments for each line.  The most notable influence of row spacing treatment on yield distribution 
across branch orders was for Andromeda, Pootallong and 99D001-21(L. luteus) where wider rows 
increased the proportion of MS yield.  Narrower rows tended to increase the yield from basal branches 
(BasalM, Basal1st in Figure 15a), in Pootalong, P26961, Acos (L. luteus) and Mandelup.  Main stem 
yield dominated for both row spacing treatments in the late flowering yellow lupin line Acos as is 
expected, with only a small component coming from laterals and basals which flowered under 
conditions of increasing water deficit.  Yield in the early flowering L. luteus line 99D001-21 was 
completely dominated by the MS and 1st OL where 97 per cent of its yield was derived from those two 
branch orders. 
The results indicate that for an environment that was not water limited, wider rows did not provide a 
yield advantage for either of four lupin species.  It was demonstrated that significantly higher yields 
could be obtained for some species such as L. luteus (Pootalong) and L. mutabilis (P26961) from 
narrow rows. 
Further investigation would be warranted to verify these results under normal regional conditions and 
practices. 
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Response of Lupinus mutabilis to lime application and over-watering 
Peter White, Leigh Smith and Mark Sweetingham, Department of Agriculture, Western Australia 
Background 
Pearl lupin (Lupinus mutabalis) produces grain with high oil and protein contents.  If suitable varieties 
can be developed, pearl lupin is potentially a very high value industry for Western Australia.  A small 
breeding project, funded by GRDC over the past three years has screened several genotypes to 
improve information on the adaptation of pearl lupins in WA.  The small pot experiment describe here 
was designed to determine the sensitivity of pearl lupin to Fe-chlorosis.  Previous research with 
narrow-leaf lupins has shown that Fe-chlorosis can be induced by adding lime to the soil and watering 
above field capacity (White and Robson 1989).  Sensitivity to Fe-chlorosis indicates poor adaptation of 
narrow leaf lupins to fine textured, alkaline soils in WA (White 1990). 
Aim 
• Determine the sensitivity to Fe chlorosis of an array of Lupinus mutabilis genotypes. 
• Calibrate the sensitivity of Lupinus mutabilis to Fe chlorosis relative to other lupin species. 
Method 
Treatments consisted of five species, including six pearl lupin genotypes, three soil treatments and 
three replicates.  The species and lines are shown in Table 25.  Soil treatments were:  unamended – 
no lime added to the soil and pots watered to field capacity; limed – 5.1 g CaCO3 per kg soil added 
and pots watered to field capacity; limed and saturated – 5.1 g CaCO3 per kg soil added and pots 
watered to about 130 per cent of field capacity.  Full basal nutrients (except Fe and N) were added to 
all pots.  Nutrients and lime were mixed throughout the soil.  Seeds were inoculated with Group G, 
peat-based inoculum.  Pots were watered to field capacity (unamended or limed treatments) or above 
field capacity (limed and saturated) by watering pots to weight. 
The young leaves of plants were rated for symptoms of Fe-chlorosis at three weeks after sowing using 
the following scale:  1 = green; 2 = light green; 3 = distinct inter-veinal yellowing; 4 = whole leaf bright 
yellow; 5 = necrosis.  Whole tops were harvested five weeks after sowing, oven dried and weighed. 
Table 25. Fe-chlorosis scores of the young leaves of plants 21 days after sowing 
Species Unamended Limed 
Limed and 
saturated 
L. albus (cv. Andromeda) 1.0 2.3 3.3 
L. angustifolius (cv. Mandelup) 1.0 1.0 1.7 
L. lutues (cv. Pootallong) 1.0 1.0 3.7 
L. pilosus (99P002-10) 1.0 1.0 2.0 
L. mutabilis (JC243) 1.0 2.0 3.7 
L. mutabilis (P26961) 1.0 1.0 2.0 
L. mutabilis (P27033) 1.0 1.0 3.3 
L. mutabilis (P27808) 1.0 1.0 2.7 
L. mutabilis (P28029) 1.3 1.0 3.3 
L. mutabilis (P28725) 1.0 1.7 4.7 
lsd (p < 0.05) 0.807 
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Results 
Applying lime to the soil and watering above field capacity induced symptoms of Fe-chlorosis in all 
plants.  Applying lime and watering to field capacity induced symptoms in only L. albus, L. mutabilis 
(JC243) and L. mutabilis (P28725).  Symptoms were not seen on plants grown on the unamended 
soil, except for L. mutabilis (P28029) which showed slight yellowing in one replicated.  Plants in this 
replicate recovered after one week and symptoms were probably not related to Fe-chlorosis. 
There was a large difference in the severity of Fe-chlorosis symptoms between the lines of 
L. mutabilis.  The lines P28725 and JC243 showed the most severe symptoms while the line P26961 
showed the least severe symptoms.  Symptoms in P26961 were similar to that of L. pilosus and 
L. angustifolius. 
There was variability in the severity of symptoms amongst plants within the same pot (data not 
shown).  Some plants showed moderate symptoms while others in the same pot were only slightly 
affected.  Only average scores for the pot as a whole are given here.  Variation amongst plants in the 
same pot was lower in pots where plants showed severe chlorosis. 
Soil treatment did not affect the dry weight of shoots.  The soil treatment was confounded with water 
availability to plants.  Air temperatures were high for some days during the experiment and plants in 
the pots watered to field capacity slightly wilted during these days.  Plants in pots watered above field 
capacity did not wilt at any time during the experiment. 
Table 26. Dry weight of shoots of plants thirty days after sowing 
Species Unamended Limed 
Limed and 
saturated 
L. albus (cv. Andromeda) 2.8 2.4 2.2 
L. angustifolius (cv. Mandelup) 1.3 1.1 1.2 
L. lutues (cv. Pootallong) 1.8 1.6 1.8 
L .pilosus (99P002-10) 1.6 2.0 1.6 
L. mutabilis (JC243) 2.1 2.2 2.6 
L. mutabilis (P26961) 2.0 2.2 2.3 
L. mutabilis (P27033) 2.3 2.6 2.5 
L. mutabilis (P27808) 1.9 2.4 2.6 
L. mutabilis (P28029) 2.2 2.1 2.8 
L. mutabilis (P28725) 1.6 1.6 1.7 
lsd (p < 0.05) 0.495 
Discussion 
Pearl lupins are generally cultivated on neutral to acid (pH 5-7), well drained soils (Mujica (1994).  
Observations of the germplasm, however, show that the species displays wide genetic diversity. ‘with 
great variability in its architecture, adaptation to soils, precipitation, temperature and altitude’ (Mujica 
(1994).  This experiment supports this conclusion in relation to Fe chlorosis.  
Narrow leafed lupins showed some of the least severe symptoms of Fe-chlorosis in this experiment.  
Symptoms were similar to that of L. pilosus.  Other research has shown that L. pilosus is more tolerant 
of limed soils than L. angustifolius (Tang and Turner (1999).  The similarity between L. pilosus and 
L. angustifolius observed in this experiment may be due to the method use to measure effects of the 
soil treatment and the confounding effect of water availability with soil treatment.  Effect of soil 
treatment was determined by the simple measure of scoring leaf symptoms.  Symptoms on the very 
narrow leaves of L. angustifolius were difficult to compare with broad leaves of the other species. 
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Impact of anthracnose on yield of andromeda lupins 
Geoff Thomas, Kedar Adhikari and Katie Bell, Department of Agriculture, Western Australia 
Key messages 
• Andromeda is the new albus lupin variety released in 2005. 
• Andromeda is recommended for medium-low rainfall areas with moderate anthracnose risk, it is 
not recommended for high rainfall areas with high anthracnose risk. 
• Andromeda is significantly more resistant to anthracnose than Kiev Mutant, yield loss from 
anthracnose infection is lower in Andromeda than in Kiev Mutant. 
• Andromeda can suffer yield loss from anthracnose infection.  The risk of yield loss is greater in 
higher rainfall areas and with early infection (e.g. seed infection). 
• Anthracnose infected Andromeda crops will produce infected seed, seed testing prior to sowing 
is recommended, particularly in areas of known anthracnose risk. 
Aim 
To assess the impact of anthracnose on yield of Andromeda compared to Kiev Mutant in the medium 
rainfall zone 
Background 
Anthracnose has caused a major reduction in albus lupin production since its incursion, primarily 
because of the extreme susceptibility of the only commercially suitable variety Kiev Mutant.  A key 
objective of the lupin breeding project has been to produce new anthracnose resistant lines.  The 
variety Andromeda has shown significantly improved anthracnose resistance over Kiev Mutant in 
intensive screening trials.  Andromeda was commercially released in 2005.  
Method 
A trial site was established at ‘Eragulla Farms’ at Mingenew.  The site is in a medium rainfall zone 
(average growing season rainfall ~ 340 mm) with moderate anthracnose risk.  
Three albus lupin lines (Andromeda, Kiev Mutant and WALAB2008) and three narrow-leafed lupin 
varieties (Tanjil, Mandelup and Belara) were tested.  The trial was laid out in a split plot design with 
4 replicates, main plots were disease levels (anthracnose inoculated or multiple fungicide sprays) and 
subplots were varieties. 
In the inoculated block, anthracnose infection was introduced two weeks after sowing as transplanted 
infected seedlings.  Three infected seedlings were transplanted into each plot to achieve a level of 
infection equivalent to at least 0.25 per cent seed infection (expected to cause around 50% yield loss 
in Kiev Mutant in this environment). 
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In the nil infection treatment, no transplants were added and Bravo fungicide (1.5 L/ha) was sprayed 
every three weeks after emergence to prevent any infection.  No disease was apparent in these plots.  
Results  
The trial was sown into a slightly drying soil profile (10 May).  Emergence of all varieties but 
particularly of L. albus varieties was lower than aimed for.  This was a result of marginally deeper than 
optimum sowing and a hard setting surface which reduced the ability of plants to break through the 
soil crust.  
Infected seedlings were transplanted on the 24 May, significant rain soon after transplanting created 
ideal conditions for early disease spread.  Dry mid-season conditions slowed disease progress, 
however good rainfall at the end of the season ensured significant disease spread, particularly in Kiev 
Mutant. 
Ten weeks after introduction of infection, significant differences in the number of infected plants 
existed between Kiev Mutant and other lines.  About 25 per cent infection was evident in Kiev Mutant 
plants, compared to 2-3 per cent in Andromeda and Belara, approximately 1 per cent in WALAB2008 
and Mandelup and none in Tanjil (Table 27).  
At leaf drop, Kiev Mutant had significantly higher incidence of stem and pod infection with almost 
100 per cent of plants having lesions on either stem or branches.  Incidence of stem infection was 
lowest in Tanjil (8%) and similar in the other lines (26-38%).  Tanjil and Mandelup had significantly 
less infected pods than the albus lupin lines.  Pod infection in Belara was not significantly different 
from Andromeda or WALAB2008. 
In uninfected, fungicide protected plots; Andromeda yield was similar to Kiev Mutant.  Mandelup was the 
highest yielding line (Figure 16 
Figure 16).  All narrow leafed lupin varieties yielded higher than any L. albus line, with WALAB2008 
the lowest yielding line.  
Anthracnose infection reduced yield in all varieties, Tanjil was least affected at 4 per cent and Kiev 
Mutant most affected at 61 per cent.  Yield losses in other lines, including Andromeda, were 13-17 per 
cent. 
Infection in harvested seed of Kiev Mutant was more than seven times greater than in any other line.  
Andromeda had significantly less seed infection than Kiev Mutant but significantly more (0.8%) than 
other lines.  Mandelup, Belara and WALAB2008 had similar levels (0.1-0.3%).  No infected seed was 
recorded in harvested seed of Tanjil.  
Table 27. Incidence and severity of anthracnose infection on stems and pods in a range of albus and 
narrow leafed lupin varieties inoculated with anthracnose infected transplants (equivalent 




% plants with 
main stem 
lesions 
% plants with 
main stem or 
branch lesions 




19 July 15 October 15 October 15 October  
Andromeda 2.7 18.0 38  9.4 (15.1) 0.8 
WALAB2008 1.0 12.2 26  6.4 (14.4) 0.3 
Kiev Mutant 26.6 72.0 98  38.8  (38.5) 6.0 
Belara 3.0 19.0 37  2.7 (9.3) 0.4 
Mandelup 0.6 13.0 34  0.8 (4.8) 0.1 
Tanjil 0.02 6.0 8  1.0 (4.5) 0.0 
P 0.003 < 0.001 < 0.001 (< .001) 0.005B 
lsd 1.5 14.5 23 (8.4) 0.4B 
A Data in parentheses angular transformed, Statistical analysis carried out on transformed data. 
B Kiev Mutant not included in AOV. 
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Figure 16. Impact of introduced anthracnose infection (equivalent 0.25% infection) on yield of a range of 
albus and narrow leafed lupin varieties at Eragulla Farms, Mingenew in 2005. 
Discussion 
Kiev Mutant is extremely susceptible to anthracnose and can suffer large yield losses as a result of 
infection under most environmental conditions.  Andromeda has significantly greater resistance to 
anthracnose than Kiev Mutant resulting in reduced yield loss in the presence of anthracnose infection.  
Despite having greater resistance than Kiev Mutant, Andromeda is still prone to yield loss as a result 
of anthracnose infection, particularly in high rainfall zones and when infection is introduced as infected 
seed.  Yield loss in Andromeda at this medium rainfall site was 17 per cent, compared to ~ 30 per cent 
in a similar trial at the high rainfall Woorree site in 2004. 
Anthracnose infected Andromeda crops can produce infected seed which will cause yield losses if 
sown.  It is important that seed is tested and clean seed is used for sowing, particularly seed from 
known anthracnose risk areas.  The advanced line WALAB2008 has slightly improved resistance over 
Andromeda and may provide a more suitable option for higher anthracnose risk environments. 
Andromeda is recommended for areas of low-moderate anthracnose risk, where its disease resistance 
is adequate to limit yield loss.  The level of resistance in Andromeda is not great enough for high 
rainfall high disease risk regions.  
Acknowledgements 
Owners and managers ‘Eragulla Farms’, Geraldton Department of Agriculture Research Support Unit 
and the Grains Research and Development Corporation (DAW00106) 
Project number:  GRDC DAW00106 
lsd = 0.6 
Agribusiness Crop Updates 2005 
 
Crop Updates is a partnership between the Department of Agriculture, Western Australia and  
the Grains Research & Development Corporation 
59 
Survey of lupin root health (in major production areas) 
Geoff Thomas, Ken Adcock, Katie Bell, Ciara Beard and Anne Smith, Department of Agriculture, 
Western Australia 
Key messages 
• Over 2 seasons (2004 and 2005), 120 lupin paddocks were sampled for root rot. 
• Over, 95 per cent of sites had root rot, at least 60 per cent of paddocks had more than 5 per 
cent of plants affected by root rot but only 10 per cent had more than 20 per cent of plants 
affected by root rot. 
• Hypocotyl rot occurred in 65 per cent of paddocks but less than 10 per cent of sites had more 
than 10 per cent hypocotyl rot incidence. 
• Both Rhizoctonia solani and Pleiochaeta setosa were commonly isolated from infected roots, 
with Fusarium sp. and Pythium sp. occasionally isolated. 
• Average plant density (49 plants/m2) and seeding depth (~ 3 cm) are suitable to address risks 
associated with seedling losses due to root and hypocotyl rot. 
Aim 
To determine the extent, severity and nature of fungi causing root and hypocotyl rots of lupins 
throughout lupin growing regions and also to determine factors which influence their occurrence. 
Background 
No field research on root diseases of lupins has been carried out in the last 10 years; however root 
diseases remain a limiting factor to lupin production.  Root disease surveys have been carried out 
previously, Sweetingham 1983-1986, MacLeod 1990 (northern wheatbelt).  Crop rotations and crop 
establishment methods have evolved since these surveys.  This survey provides information on the 
importance and identification of fungal root diseases and highlights areas that need further tactical and 
strategic research. 
Method 
Target age of plants was 3-6 weeks after sowing.  To achieve this, sampling was conducted in May 
and June of 2004 and 2005.  Sampling was primarily focused in the Northern Agricultural region, 
71 lupin paddocks were sampled from the area bounded by Binnu, Regans Ford, Kalannie and 
Mullewa in 2004.  In 2005, 49 lupin paddocks were samples in an area ranging from Northampton to 
Regans Ford, east to Wongan Hills and Mullewa.  A total of 120 paddocks were sampled over the two 
year period. 
At each Site 120 plants were removed from an area of approximately one hectare within a paddock.  
Plants were removed at 20 m intervals along 150 m sides of a triangle.  Approximately five individual 
plants were randomly sampled at each stop to try to best represent the variation within the crop.  Soil 
samples were collected from each site for assessment of pleiochaeta spore concentration.  All plants 
were examined for the presence and severity of root and hypocotyl damage.  A sub-sample of plants 
exhibiting root damage was examined in the laboratory for the presence of common root pathogens of 
lupins.  Assessments of plant density, seeding depth and leaf disease were carried out for each site. 
Results 
Some level of root rot was detected in 95 per cent of paddocks tested with the incidence of infection 
being similar in both years.  Approximately 60 per cent of sites had between 1 and 10 per cent 
incidence of root rot (Table 28).  Both Rhizoctonia solani and Pleiochaeta setosa were commonly 
isolated from infected roots.  In many cases root symptoms were not totally consistent with 
Pleiochaeta root rot and the Pleiochaeta setosa isolated may have been secondary infection of 
previous root damage caused by other pathogens or physical damage.  Other fungi such as Pythium 
spp. and Rhizoctonia spp. were also occasionally isolated from root lesions.  The growth stage at time 
of sampling was mostly too early to detect Eradu patch, however root lesion symptoms from sites at 
Wongan Hills and Moora were consistent with Eradu patch infection.   
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In the majority of paddocks sampled, lupins were part of an ongoing rotation, most often with lupin 
crops being sown with 1-2 year breaks.  A few sites sampled contained the first lupin crop sown to that 
paddock.  Even at these sites root and/or hypocotyl rot was detected, however Pleiochaeta setosa 
was not isolated from infected roots.  At one of these sites, on lupins following legume based pasture, 
hypocotyl rot occurred in almost 10 per cent of plants. 
Pectic zymogram assessment was carried out on a sub-set of the collection of Rhizoctonia isolates 
from roots and hypocotyls.  The zymograms show that the ZG3 strain caused most of the hypocotyl 
rot.  Both the bare patch strain (AG8, ZG1) and the hypocotyl strain (ZG3) were isolated from root rot 
lesions.  Additionally, the ZG4 and ZG6 strains were also occasionally isolated from root lesions. 
Hypocotyl rot was not as common as root rot; it was detected at 65 per cent of sites.  Approximately 
50 per cent of sites had between 1 and 5 per cent of plants infected.  Lesion severity on infected 
plants was similar in both years, scoring 2.3-2.5 (0-5 scale where 5 = plant death).  Hypocotyl rot was 
predominantly caused by Rhizoctonia (mainly ZG3), occasionally Pleiochaeta setosa was isolated 
from hypocotyl lesions, particularly from sites with high soil spore concentrations.  At several sites 
where hypocotyl rot was higher than average, lupins were sown into paddocks that had contained 
legume based pasture (e.g. Serradella) in the previous 3-4 years.  In at least one case, lupins sown 
into a paddock that had no previous lupin history, but a long pasture history, had almost 10 per cent 
hypocotyl rot.  
Sowing depth varied between sites.  Generally sowing depth was consistent within a site but there 
were a number of sites where poor control of sowing depth was evident.  Average depth of sowing 
across both years was 3.0-2.3 cm with ~ 90 per cent of sites having a median sowing depth less than 
5 cm.  
Seedling establishment varied greatly between sites and often between sampling stops within a 
paddock.  The plant establishment results given are indicative of the small sample area from within a 
total paddock, although care was taken not to specifically choose abnormal areas within the paddock 
for sampling.  In both seasons, 45 per cent of sites had between 40-60 plants/m2 and average plant 
density was approximately 50 plants/m2, with counts varying from 17 to more than 100 plants/m2.  In 
replies from survey participants to a follow up questionnaire, target seeding rates varied between 
65-120 kg/ha with most common rates being 90-100 kg/ha. 
The incidence of brown spot was generally very low at most sites sampled, however about 5 per cent 
of sites had significant levels of brown spot infection, usually relating to either a high spore 
concentration in the soil, or to sowing consecutive lupin crops.  During both years, low levels (< 10% 
incidence) of herbicide damage (simazine/atrazine) causing leaf scorching were evident at about half 
of the sites.  
General summary results (averaged across all sites): 
Table 28. Percentage incidence of root and hypocotyl rot in 120 paddocks (71 in 2004 plus 49 in 2005) 
sampled over two years 
Infection incidence 
Root rot incidence (%) Hypocotyl rot incidence (%) 
2004 2005 2004 2005 
Not detected 2 4 34 35 
  0-1% plants  2 8 14 12 
  1-5% plants  17 24 35 35 
  5-10% plants 31 34 5 12 
10-20% plants 34 24 10 4 
> 20% plants  14 6 2 2 
Median of all sites 9.6 6.7 1.5 2.7 
Range of all sites 0-40.9 0-23.5 0-21.9 0-25.6 
Average severity score  
(0-5 scale) 
2.9 2.6 2.3 2.5 
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Table 29. Average sowing depth ranges in 120 paddocks (71 in 2004 plus 49 in 2005) sampled over two 
years 
Sowing depth 0-2.5 cm 2.5-5 cm 5-7.5 cm > 7.5 cm 
% of crops 2004 44% 43% 10% 3% 
% of crops 2005 39% 57% 4% - 
2004 (average = 3.3 cm, Minimum = 1.4 cm, maximum = 7.5 cm): 
2005 (average = 3.0 cm, Minimum = 0.8 cm, maximum = 5.7 cm): 
Table 30. Average plant density in 120 paddocks (71 in 2004 plus 49 in 2005) sampled over two years 
Plant density 0-30 pl/m2 30-40 pl/m2 40-50 pl/m2 50-60 pl/m2 60-70 pl/m2 > 70 pl/m2 
% of crops 2004 9% 18% 24% 21% 13% 15% 
% of crops 2005 11% 21% 26% 19% 9% 14% 
2004 (average = 50.4 plants/m2, minimum = 21.3, maximum = 83.0): 
2005 (average = 49.5 plants/m2, minimum = 17.2, maximum = 105). 
Conclusion 
• Incidence of root and hypocotyl disease and observations on crop establishment were similar 
over the two years of the survey.  Over 95 per cent of paddocks surveyed had some level of 
root rot with approximately 50 per cent having between 1-10 per cent root rot.  
• Hypocotyl rot was not as common as root rot, approximately 65 per cent of paddocks had 
hypocotyl rot present.  Less than 20 per cent of paddocks sampled had more than 10 per cent 
hypocotyl rot incidence.  
• Both Rhizoctonia and Pleiochaeta were commonly isolated from infected roots.  Rhizoctonia 
solani (ZG3) was the most common pathogen isolated from infected hypocotyls. 
• Sowing lupins into paddocks that have previously contained legume based pastures can result 
in significant occurrence of hypocotyl rot. 
• The level of root rot found was within the range expected and was less than that found in the 
survey in 1990 by MacLeod.  In his survey, MacLeod found that 100 per cent of paddocks 
sampled had root rot and that 80 per cent of sites had more than 10% of plants infected.  Over 
the two years we found only 36 per cent of sites with more than 10 per cent plants infected.  
Levels of hypocotyl rot were similar in these two surveys.  
• Plant densities recorded in this survey were higher than recorded by MacLeod in 1990.  We 
recorded ~ 30 per cent of sites with less than 40 plants/m2, whilst in 1990 MacLeod recorded 
nearly 60 per cent of paddocks with less than optimum plant densities.  
• Lupin growers can expect some level of root rot in their paddocks under most soil types, 
environmental regions, rotations and management systems.  This survey indicated that many 
growers are sowing lupin crops at seeding rates which will help to compensate for seedling 
disease. 
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Development of a generic forecasting and decision support system for 
diseases in the Western Australian wheatbelt 
Tim Maling1, Art Diggle1,2, Debbie Thackray1, Kadambot Siddique1 and Roger Jones1,2 
1CLIMA, The University of Western Australia 
2Department of Agriculture, Western Australia 
Key messages 
A generic forecasting and decision support system for pathogens which cause diseases that depend 
on a ‘green-bridge’ is currently under development. 
• When complemented with appropriate disease management strategies, accurate and timely 
disease forecasts help diminish yield and quality losses and input costs. 
• The automation of forecasting models achieved here is a major advance that permits regular, 
reliable and up to date predictions for the first time.  
Background 
Forecasting models for epidemics of disease-causing pathogens that depend on a ‘green-bridge’ of 
susceptible herbaceous plants for their survival over the dry summer period in the WA wheatbelt rely 
mainly on daily temperature, rainfall and evaporation data to function effectively.  Climatic factors, 
especially rainfall, determine the size of the ‘green bridge’ which in turn determines the likelihood that 
a damaging epidemic will develop.  Generally the input of climatic data is a very time consuming 
exercise.  As a consequence, such forecasts normally focus on large areas, and are not redone on a 
regular basis as the growing season progresses.  However, our research on automation of this data 
retrieval has enabled higher resolution forecasting on a much smaller timescale for the first time.  This 
permits regular updates of predictions with a minimum of effort and also allows forecasts to focus on 
small areas.  
The generic decision support system (DSS) produced using this automated data retrieval approach 
will consist of a web page.  This web page will provide forecasts for multiple diseases that depend on 
a ‘green bridge’ for survival over summer and outline the disease management strategies 
recommended for each of them.  There is also scope for including forecasts for pests that depend on a 
green bridge in due course. 
Method 
The prototype of the generic model currently uses the previously devised Cucumber Mosaic Virus 
(CMV) model for lupin (Thackray et al. 2004).  CMV is both seed-borne and aphid-borne and the aphid 
vectors require a ‘green-bridge’ to survive over the dry summer period.  The magnitude of the ‘green 
bridge’ therefore determines time of arrival of aphids in the crop and the numbers arriving.  The CMV 
model has been connected to a database of meteorological data that is located at DAWA and is 
updated twice a week using information from the Bureau of Meteorology.  The prototype model is 
designed to use the current year’s climatic data up until the present time.  It then completes the run 
using available climatic data from all archival years resulting in several potential future scenarios.  
These model runs are then ranked with the outputs from the different years giving ‘average’, ‘good’ 
and ‘bad’ disease incidence scenarios that are saved for display on the website.  
The model runs for a grid of cells that are 0.25° x 0.25° in size.  Users are able to input seed infection 
levels, expected emergence date, and plant density.  Graphs of soil moisture index, aphid population 
in the area surrounding the crop, crop aphid population (Figure 17) and percentage yield losses are 
created for each cell, along with a map of the relative disease risk for the entire SW corner of WA 
(Figure 18).  All of this output is stored in a separate database accessed through a web interface, with 
the user having the ability to access detailed output for any cell that is of interest to them. 
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Figure 17. Example of detailed analysis of crop aphids. 
 
Figure 18. Example of a State forecast map. 
Conclusion 
A prototype of the generic forecasting and DSS described here will be made available for inspection 
and demonstration at the 2006 Western Australian Crop Updates Conference.  Currently the 
prediction system only supports CMV/lupin risk forecasting, but models for Bean Yellow Mosaic 
Virus/lupin, Beet Western Mosaic Virus/canola, and aphid feeding damage in canola and lupin are 
under construction and will be integrated upon their completion.  In the future, the aim is to incorporate 
the other forecasting models for pathogens and pests that depend on a ‘green bridge’ for survival 
outside the growing season.  The final generic system should be online for the 2007 growing season. 
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disease, model, forecast, epidemic, virus, CMV, BYMV, BWYV, aphid, yield loss, risk 
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Tanjil mutants highly tolerant to metribuzin 
Ping Si1, Mark Sweetingham1,2, Bevan Buirchell1,2 and Huaan Yang l,2 
1CLIMA, The University of Western Australia 
2Department of Agriculture, Western Australia 
Key messages 
Several lupin mutants highly tolerant to metribuzin have been identified among a large population of 
mutants induced in the anthracnose resistant, but metribuzin sensitive cultivar Tanjil.  Two of the 
mutants were more tolerant than Mandelup in a dose response study and were highly likely to be 
resistant to anthracnose.   
Method 
A large quantity of Tanjil seed was mutated with either 0.4 per cent ethyl methane sulfonate (EMS) or 
1 mM NaN3.  The M2 seeds were sown at Wongan Hills into 2 large field plots adjacent to each other.  
Metribuzin was applied to the M2 seedlings at 4-6 leaf stage twice at a 2-week interval with an 
aggregated rate of metribuzin of 675 g/ha.  Survival plants were harvested by hand individually.  
These single plants were grown again in the field with exposure to metribuzin at 250 g/ha at 4-6 leaf 
stages to produce M4 lines.   
Based on field observation in M3 lines, 16 M4 lines were selected to be re-screened again in a 
phytotron at 20/12°C.  Each M4 line was sown into a plastic tray filled with potting mix with replicates.  
There were 25 seedlings per tray per replicate.  Metribuzin at 600 g/ha was applied to the 4 leaf stage 
seedlings in a herbicide spray chamber fitted with two flat fan nozzles.  Watering was resumed 2 days 
after herbicide application.  Damage was assessed as plant score 2 weeks after the spray.  Fresh leaf 
sample from each of tolerant plants was taken to extract DNA for the marker test of the presence of 
the anthracnose resistant gene in Tanjil.   
Two M4 lines with plant score lower than 0.5 were further studied in a phytotron at 20/12°C in a dose 
response in comparison with original parent Tanjil, and the tolerant cultivar Mandelup.  There were 
7 doses, 4 replicates and 20 plants per replicate.  Metribuzin was applied to the plants at 4 leaf stage.  
Plant survival was counted 2 weeks after spray.   
Results 
Identification of tolerant mutants  
More than 100 M2 plants survived metribuzin at 675 g/ha in the field.  These survival plants were 
grown to produce M4 seed and tolerance to metribuzin was confirmed in M4 lines.  
All 16 selected M4 lines survived metribuzin at 600 g/ha and had a plant damage score lower than 3.5 
whilst un-mutated Tanjil scored 5, suggesting 100 per cent mortality (Table 31).  Seven of the 16 M4 
lines had leaf score less than 0.5.  In comparison, the tolerant Mandelup scored 1.5, suggesting the 
seven mutants had less leaf damage than Mandelup.   
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Dose response of the mutants 
Tanjil plants had no survival at 800 g/ha whilst the mutants (Tanjil-AZ-33 and Tanjil-AZ-55) survived 
100 per cent.  These two mutants had higher survivals than Mandelup at rates exceeding 1600 g/ha 
(Figure 19).   
Marker for anthracnose resistant gene in mutants  
A molecular marker specific for anthracnose resistance in Tanjil was detected in 2 out of 12 tolerant 
mutant lines (data not shown).  All plants of the two mutants (Tanjil-AZ-33 and Tanjil-AZ-55) were 
positive for the marker tagging the anthracnose resistant gene. 
Conclusion 
The two Tanjil mutants are very valuable source for the development of new lupin variety because of 
the combination of high tolerance to metribuzin herbicide and good resistance to anthracnose disease. 
Key words 
lupin, herbicide tolerance, anthracnose resistance, mutation breeding 
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Table 31. Variation in tolerance to metribuzin at 600 g/ha among M4 lines, sensitive Tanjil and tolerant 
Mandelup at 20/12oC 
 
Number of mutant lines in indicated score scale1 Total 
number 0-0.5 1-1.5 2-2.5 3-3.5 4-4.5 5 
Mutants 7 5 3 1 - - 16 
Tanjil* - - - - - 5  
Mandelup* - 1.5 - - - -  
1 Score scale of plant:  0 = no symptom, 5 = plant dead. 
* Actual scores for control cultivars, averaged across 50 plants. 
Rate of metribuzin (g/ha)





















Figure 19. Per cent survival of 2 lupin mutants (∆ and ▲) in comparison with original parent Tanjil (•) and 
tolerant Mandelup (o) in a phytotron at 20/12°C to different rates of metribuzin.  Bars indicate 
standard errors. 
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Precipitation pH vs. yield and functional properties of lupin protein isolate 
Vijay Jayasena1, Hui Jun Chih1 and Ken Dods2 
1Curtin University of Technology 
2Chemistry Centre 
Key messages 
Lupin has been used in the animal feeds industry for decades.  Despite its relatively high protein 
content and approval for human consumption, Australian Sweet Lupin (L. angustifolius) has had 
limited applications in the human food industry.  Limited exploration and understanding of the optimal 
precipitation conditions of lupin protein and their functional properties may have contributed to the 
difficulties encountered in encouragement of its adoption and substitution in manufacturing processes. 
Protein isolates produced at ten different precipitation pH values were tested for their chemical 
compositions and functional properties in this study.  It was found that lupin protein isolate has the 
potential to replace the expensive soy protein isolate in food formulation, particularly in acidic foods. 
Aim 
• To compare the yields and protein contents of lupin protein isolated at different precipitation pH 
levels. 
• To compare the functional properties of lupin protein isolated at different precipitation pH, with 
soy protein isolated at pH 4.5. 
Method 
Protein isolation 
Defatted Australian Sweet Lupin (L. angustifolius) and commercial soy flour samples were used for the 
study.  Protein isolates were produced by alkaline extraction and acid (isoelectric) precipitation.  Lupin 
protein was extracted at ten different precipitation pH values:  pH 4.0, 4.1, 4.2, 4.3, 4.4, 4.5, 4.6, 4.8, 
5.0 and 5.5.  The ‘reference’ soy protein was extracted at pH 4.5.  Lupin and soy proteins were 
analysed for their moisture and protein contents.  
Functional properties 
Emulsifying activity, emulsion stability, foaming capacity and foam stability of the protein isolates were 
determined by method used by Jayasena, Sartika and Dods (2004).  
Results 
Protein isolation 
There was no significant difference in protein content (purity) of the lupin and soy protein isolates 
(Table 32).  The protein recovery of lupin protein isolated at pH 4.6 was significantly higher (67.3%) 
than lupin protein isolated at pH 4.0, 4.1, 4.2, 4.3, 4.5, 5.0, 5.5 and the soy protein isolate.  Yields of all 
the lupin protein isolates were significantly lower than that of soy protein isolate (Table 32).  
Table 32. Protein content, yield and recovery of the protein isolates 
Sample Protein content (%db) Protein recovery (%) Protein yield (%) 
LPI4.0 97.9 ± 2.16a 54.4 ± 2.72c 22.5 ± 1.95b 
LPI4.1 98.8 ± 1.34a 57.9 ± 2.20a 23.4 ± 1.30bd 
LPI4.2 98.0 ± 1.36a 60.9 ± 0.40ag 24.9 ± 0.36cd 
LPI4.3 99.3 ± 1.45a 61.3 ± 1.71bg 24.9 ± 1.32cd 
LPI4.4 99.9 ± 2.93a 65.9 ± 3.19df 25.7 ± 1.23cf 
LPI4.5 98.4 ± 1.49a 61.5 ± 1.05ag 27.1 ± 1.22c 
LPI4.6 99.9 ± 2.44a 67.3 ± 1.45de 26.5 ± 0.71c 
LPI4.8 99.9 ± 1.18a 66.4 ± 1.05ef 25.8 ± 1.14cf 
LPI5.0 99.6 ± 5.22a 64.7 ± 2.30bf 26.9 ± 1.45c 
LPI5.5 99.9 ± 2.52a 64.8 ± 2.78f 24.6 ± 0.99df 
SPI 93.4 ± 5.90a 59.1 ± 2.24a 35.5 ± 0.45a 
LPI4.0 = lupin protein isolated at pH 4.0, LPI4.1 = lupin protein isolated at pH 4.1, and so on SPI = soy protein 
isolate.  Values with the same letter are not significantly different (p < 0.05).  
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Functional properties 
Emulsifying activity and emulsion stability of soy protein isolate were significantly lower than those of 

























































































LPI4.0 = lupin protein isolated at pH 4.0; LPI4.1 = lupin protein isolated at pH 4.1, and so on.  SPI = soy protein 
isolate. 
Figure 20. Comparison of emulsifying activities (left) and emulsion stabilities (right) of protein isolates at 
various pH levels. 
Foaming capacities and stabilities of lupin protein isolates were similar to or better than the soy protein 
isolate across the three pH levels (Figure 21).  It was illustrated that lupin protein isolated at pH 4.5 


























































































LPI4.0 = lupin protein isolated at pH 4.0; LPI4.1 = lupin protein isolated at pH 4.1, and so on.  SPI = soy protein 
isolate. 
Figure 21. Foaming capacities (left) and foaming stabilities at the 120th min (right) of protein isolates at 
various pH levels. 
Conclusion 
• The yield of lupin proteins isolated at pH 4.2, 4.3, 4.4, 4.5, 4.6 4.8 and 5.0 were comparable.  
This indicates that lupin proteins can be isolated at higher pH levels, such as at pH 5.0, with a 
low production cost.  
• Emulsifying and foaming properties of the lupin protein isolates were dependent on the 
precipitation pH. 
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• Lupin protein isolates have comparable or better functional characteristics to soy protein 
isolates, particularly in acidic conditions.  
• Lupin protein isolate has the potential to replace soy protein isolate in various food formulations. 
Key words 
lupin protein isolate, soy protein isolate, functional properties, emulsifying properties, foaming 
properties 
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Lupin protein isolation with the use of salts 
Vijay Jayasena1, Florence Kartawinata1, Ranil Coorey1 and Ken Dods2 
1Curtin University of Technology 
2Chemistry Centre 
Key messages  
• Lupin has been cultivated for many centuries but has had limited food applications.  Western 
Australia producers around a million tonnes of lupin annually.  Its main use until now has been 
as an animal feed.  
• The optimum conditions for economical isolation of lupin protein have not yet been identified.  
The traditional method of isolating protein from flour is to dissolve the flour protein in an alkaline 
solution, separate the liquid and then precipitate the protein in the liquid by acidification.  
• Salts at different concentrations can be used to improve extraction and/or precipitation of 
proteins.  
• The study indicated the use of 0.01 per cent Na2SO4 and 0.1 per cent (NaPO3)6 during the 
solubilisation step resulted in the highest purity and the greatest recovery of protein isolate.  The 
use of 1 per cent (NaPO3)6 and 1 per cent Mg (ClO4)2 in the precipitation step provided the 
highest protein and greatest yield of isolates with improvement in functional characteristics 
under acidic conditions. 
Aim  
• To assess the effects of salt on protein isolation.  
• To compare the functional properties of the salt precipitated lupin protein isolates. 
Method  
Dehulled and defatted Australian sweet lupin (Lupinus angustifolius) flour was used in the study.  
In the salt dissolution experiment, the method used by Jayasena, Sartika and Dods (2004) was 
modified by adding 0.01 per cent Na2SO4, 0.1 per cent (NaPO3)6, 0.1 per cent (NH4)2SO4 or 1 per cent 
CaCl2 at the dissolving stage.  The pH was adjusted to 9 with NaOH. 
In the salt precipitation experiment, 10 per cent NaCl, 1 per cent Mg(ClO4)2, 1 per cent CaCl2 or 1 per 
cent (NaPO3)6 was added at the precipitation stage.  The pH was adjusted to 4.5 with 1M HCl.  
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Emulsion activity, emulsion stability, foaming capacity and foaming stability were determined as per 
the methods used by Jayasena, Sartika and Dods (2004).  
Results and discussion  
The use of (NaPO3)6 in the solubilisation step and the precipitation step increased the protein recovery 
by 35 per cent and 30 per cent respectively.  The use of Na2SO4 in the solubilisation step increased 
the recovery by 44 per cent (Table 33). 
The emulsifying activity of the lupin protein isolates recovered with the addition of (NaPO3)6 and 
Na2SO4 were similar to the control lupin protein isolate (Table 33). 
The foaming capacity and the foaming stability at 60 minutes of the lupin protein isolates with the 
addition of (NaPO3)6 and Na2SO4 were similar to the control lupin protein isolates (Table 33). 













stability at 60 
min (mL) 
At pH 4 At pH 6 At pH 4 At pH 6 At pH 4 At pH 6 At pH 4 At pH 6 
Lupin protein isolate 
(control)  
 34 51 13 55 303 278 292 270 
Solubilisation 
treatments 
         
(NH4)2SO4 None 49 55 36 52 417 385 336 308 
Na2SO4 44 44 54 29 50 411 601 236 438 
(NaPO3)6 35 44 52 54 59 459 300 330 222 
CaCl2 None 46 16 52 9.6 393 486 318 372 
Precipitation 
treatments 
         
NaCl None 46 48 49 52 515 425 453 299 
Mg(ClO4)2 21 24 24 26 26 299 315 257 241 
CaCl2 None 37 43 4.4 5.0 306 322b 250 229 
(NaPO3)6 30 33 52 45 51 314 274 276 231 
Conclusion 
• Use of (NaPO3)6 in the solubilisation and the precipitation stage increased the protein recovery.  
• The use of Na2SO4 in the solubilisation stage increased the protein recovery.  
• The use of (NaPO3)6 and Na2SO4 to increase the lupin protein recovery seems to have no 
adverse affect on the functional properties and appears to enhance functional performance 
under acidic conditions.  
Keywords  
lupin protein isolates, salt extraction of protein, emulsifying properties, foaming properties, protein 
recovery  
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Field pea 
Mark Seymour, Department of Agriculture, Western Australia 
2005 saw more farmers in WA grow field pea than any other year.  Over 700 farmers have purchased 
Kaspa over the last two years, with the vast majority of growers in medium and high rainfall zones in 
the south of the State.  Pleasingly many growers had good experiences with Kaspa in 2005, but there 
remain concerns about its suitability to low rainfall inland areas where both drought and frost are more 
likely to occur.  Kaspa seems less able to recover from stresses during podding than many other 
varieties.  The search continues for a variety which combines Kaspa strong points with slightly earlier 
flowering and better recovery from stresses during flowering and podding.   
Breeding remains our best hope of developing a semi-leafless field pea better suited to low rainfall 
areas.  2005 was a transition year for field pea breeding in WA, and from 2006 WA will no longer have 
a field pea breeder, but instead will be part of a national program led by Dr Toney Leonforte from 
Victoria and coordinated in WA by Kerry Regan.  Early generation testing will remain in place in key 
locations and if 2005 was anything to go by there will be no shortage of useful material being tested 
throughout WA. 
Included in the following pages are summaries of the research and extension efforts by many 
organisations and projects, all with the same aim - to establish a sustainable and substantial field pea 
industry in WA. 
 
Breeding highlights 
Kerry Regan1,2, Tanveer Khan1,2, Stuart Morgan1 and Phillip Chambers1  
1Department of Agriculture, Western Australia 
2CLIMA, The University of Western Australia 
Current program and future 
The 2005 season marks the end of the Western Australian field pea breeding program in its current 
form with the development of a new National Program commencing in January 2006.  The Australian 
Field Pea Improvement Program (AFPIP), funded by GRDC, will be centralised at Horsham, Victoria 
(VIC) with collaborators in New South Wales (NSW), South Australia (SA) and Western Australia 
(WA).  Western Australia will be responsible for evaluating breeding lines being developed by the 
program, and undertaking a breeding and screening component for field pea blackspot resistance. 
The main objective of AFPIP is to expand the field pea industry in Australia through the development 
of new varieties with broad adaptation across Australia and also with suitable adaptation for specific 
production regions of Australia.  The first five years of this program is expected to have an increased 
focus on developing semi-leafless, dun type varieties with non-shattering pods (Kaspa ideotype) that 
will increase crop expansion and production in the more marginal soil and lower rainfall (< 350 mm 
annual) cropping environments within WA, SA, VIC and NSW.  In these environments, field peas are 
often the best-adapted grain legume option. 
In 2005, the activities undertaken in field pea breeding across Australia reflected the new AFPIP 
management and structure, and provided a transitional year to ensure that the new Program will 
commence effectively in 2006.  
Yield and agronomic evaluation 
Field pea breeding yield evaluation sites were located at Dalwallinu, Merredin, Lake King and 
Scaddan in 2005.  The season started well and all field pea trials were sown in the optimum sowing 
window, with the exception of Scaddan.  At Scaddan, sowing was initially delayed to reduce the risk of 
blackspot infection, but continuing wet conditions made sowing operations difficult and the trial was 
not in the ground until 28 June.  Seasonal rainfall was average, but the spread of rainfall was not 
timely.  June and July rainfall were significantly greater and less than the average, respectively.  
Merredin and Lake King experienced multiple frosts in the first two weeks of September, which caused 
obvious visual symptoms and pod damage to plants.  Despite the difficult weather experienced, yields 
performance across sites was good demonstrating the resilience of field pea in adverse conditions. 
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Yield evaluation of field pea breeding lines included three series of trials, stage 1 (S1), stage 2 (S2) 
and stage 3 (S3).  Stage 1 testing involves evaluation of a large number of breeding lines in 
unreplicated trials across a restricted number of locations.  The best breeding lines from S1 trials are 
promoted to S2 and subsequently S3 trials for wider evaluation.  Merredin was utilised as the primary 
evaluation site in WA with S1, S2 and S3 trials.  Stage 2 and 3 trials were located at Lake King and 
Scaddan, and one S3 trial was located at Dalwallinu.  One trial was not harvested at Lake King (S3) 
and at the time of writing, yield results were not available for the S1 or S2 trials. 
Stage 3 evaluation 
Mean seed yields ranged from 1955 kg/ha at Merredin to 3254 kg/ha at Scaddan (Table 34).  Kaspa 
performed extremely well in 2005 out-yielding all commercial varieties at each site.  The only breeding 
line to out-yield (p < 0.05) Kaspa at any site was the semi-leafless dun line 96-286*1-9 at Merredin.  Of 
the dun field pea breeding lines 96-286*1-11, 97-015*2-3 and 89-036*3-6 performed the best on 
average across sites.  The line, 89-036*3-6, is a sister line to Kaspa which commences flowering 
about a week earlier.  This line has been suggested as a replacement for Kaspa in low rainfall areas 
and produced 6 per cent greater yield than Kaspa at Dalwallinu and Scaddan.  
Table 34. Leaf-type, flower colour, seed type and seed yield (as %Kaspa at each site and mean across 

















Bundi SL W W 103 75 83 87 
Dundale C P D 70 71 86 76 
Dunwa C P D 84 87 92 88 
Excell SL W B 78 77 63 73 
Helena C P D 74 83 93 83 
Kaspa SL Pi D 100 100 100 100 
Moonlight SL W W 89 79 90 86 
Mukta SL W W 82 74 91 82 
Parafield C P D 74 88 85 83 
Snowpeak SL W W 63 71 61 65 
Soupa C W B 62 88 80 77 
Sturt C W W 73 76 102 84 
Yarrum SL P D 88 86 66 80 
96-286*1-11 SL P D 111 98 106 105 
97-015*2-3 SL Pi D 112 100 89 100 
89-036*3-6 SL Pi D 106 106 79 97 
96-286*1-9 SL P D 86 89 115 97 
97-015*2-5 SL Pi D 102 101 84 96 
97-017*2-8 SL Pi D 96 99 93 96 
96-286*1-16 SL P D 85 93 105 94 
97-446*2 SL W W 97 105 80 94 
WAPEA2189-VIC SL W W 86 100 95 94 
96-286*1 SL P D 83 94 103 93 
97-340*5-1 SL W W 94 93 90 93 
96P403-2 SL Pi D 98 79 98 92 
97-015*2-2 SL Pi D 98 91 83 91 
97-015*2-8 SL P D 98 101 74 91 
93-019*6-3 SL Pi D 97 91 81 90 
97P695-8 C P D 89 85 93 89 
97P717-6 C P D 75 86 102 88 
98P795-5 SL P D 75 89 99 88 
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97-015*2-6 SL P D 95 102 62 87 
97P717-7 C P D 82 82 98 87 
99-228*5 SL P D 79 72 105 85 
PS1608 SL P D 70 80 101 84 
97-436*1 SL W W 102 74 73 83 
97P682-4 C W W 67 81 100 83 
PSL4-RRSEL-1 SL Pi D 69 105 61 79 
Kaspa yield (kg/ha)    2136 3254 1955 2448 
Mean    1555 2542 1548  
lsd 5%    562 539 261  
CV%    18 11 8  
1 Leaf type:  C = conventional trailing type; SL = semi leafless. 
2 Flower colour:  P = purple; W = white; Pi = pink. 
3 Seed type:  D = dun; W = white; M = maple; B = blue. 
Snowpeak is currently considered the best white field pea variety for WA.  Compared to the other 
white field peas, Snowpeak did not perform well in 2005 (Table 34).  The new variety Moonlight, which 
was released as a replacement for Snowpeak and Excell in southern NSW in 2005, produced the best 
yields across sites for white field pea varieties.  Moonlight is a mid-flowering variety (similar to 
Parafield) resistant to pod shatter and downy mildew.  Another variety, Bundi (tested as 89-036*9-8), 
has been commercialised in 2005 and will have seed available to growers in 2007.  This line is 
targeted for the mallee regions of VIC, but may produce greater yields than Moonlight and Snowpeak 
in some regions of WA. 
Blackspot breeding and screening 
In the new National Program, WA has been charged with the responsibility of screening breeding 
material for blackspot resistance and to enhance germplasm for resistance to black spot.  The 
highlight of the 2005 season has been the first year of multi-location yield trials of the potentially 
blackspot resistant breeding lines developed in WA.  Twenty six lines and four control varieties were 
evaluated at Bolgart and Merredin with three replications at each site.  Both sites suffered from 
multiple frost events.  Bolgart also suffered from weed infestation causing reduced yields and a great 
deal of variability in yield data.  Lines in this trial were also screened for their blackspot reaction at 
Medina and data for those that were assessed as moderately resistant (MR) or moderately resistant to 
moderately susceptible (MR-MS) are presented (Table 35).  The most outstanding line is 00P040-2, 
which has most of the ‘ideotype’ features of Kaspa (e.g. semi-leaflessness, lodging resistance, sugar 
pod trait and seed quality) and shows significant improvement in blackspot resistance.  Other lines of 
interest are 98P795-4 and WA2189; not dun types but worth pursuing in further trials.  Seeds of 
00P040-2 are being multiplied at Manjimup over summer to allow its assessment in time of sowing 
trials in 2006. 
Fixed lines generated in previous years and at F6 to F8 generation were screened for blackspot 
resistance at Medina.  Twenty one F6 lines have shown MR reactions and over thirty lines in other 
trials have shown potential.  The S2 material from the NFPIP, comprising of over 300 lines, was also 
screened.  Fifteen lines were found to have moderate resistance.  Of these two lines 00-044-9 and 
00-178-4 were most outstanding.  Both are white flowered semi-leafless lines. 
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Table 35. Blackspot rating (BS), flower colour (FC), leaf type, lodging score (Lodg:  9 most lodged), 
seed yield (% of Kaspa) at Bolgart and Merredin, 100 seed weight (100SW:  g), seed type and 
cotyledon colour (CC) in moderately resistant to moderately susceptible field pea breeding 













00P040-2 MR SL Pi 6.0 73 98 22.9 D Y 
00P040-5 MR SL Pi 5.0 47 73 24.0 D G/Y 
97P719-25 MR-MS C W 6.0 95 105 14.8 W Y 
98P795- 4 MR-MS SL P 7.0 95 99 21.8 DS Y 
99P843-03WA-7 MR-MS SL W - 45 - 20.5 W Y 
99P903-9 MR-MS C W - 29 - 20.3 W Y 
99P916-1 MR SL W 8.0 62 82 14.5 B G 
WAPEA2189 MR-MS SL W 7.0 93 100 18.6 B G 
Dundale S C P 7.8 62 97 22.8 D Y 
Dunwa S C P 8.0 80 95 24.7 D Y 
Helena S C P 8.0 98 109 17.5 D Y 
Kaspa S SL Pi 5.7 100 100 21.7 D Y 
Kaspa yield (kg/ha)     3055 3468    
CV (%)     18 10    
1 BS rating:  VS = very susceptible; S = susceptible’ MS = moderately susceptible; MR = moderately resistant; 
R = resistant. 
2 Leaf type:  C = conventional trailing type; SL =  semi leafless. 
3 Flower colour:  P = purple; W = white; Pi = pink. 
4 Seed type:  D = dun; DS = speckled dun; W = white; M = maple; B = blue. 
5 Cotyledon colour:  Y = yellow; G = green. 
 
Variety evaluation 
Kerry Regan1,2, Tanveer Khan1,2, Jenny Garlinge1 and Rod Hunter1 
1Department of Agriculture, Western Australia 
2CLIMA, The University of Western Australia  
Evaluation of field pea varieties and advanced breeding lines was undertaken at seven sites in 2005 
and included a range of semi-leafless (SL) and trailing leaf type (T), white and dun seeded field pea 
varieties and lines.  Semi-leafless types were sown to achieve 60 plants/m2, while T types aimed for 
50 plants/m2.  The yield results presented here are from preliminary analysis. 
The 2005 season provided a mixed bag of conditions across sites.  Rainfall in April and May provided 
excellent sowing opportunities across most sites, but continuing wet conditions in June delayed 
sowing at Scaddan.  Heavy rainfall in June followed by dry conditions in July resulted in some 
transient waterlogging and drought stress, respectively.  Some sites, such as Merredin and Kunjin, 
experienced frost in September.  The long cool spring period provided excellent grain filling conditions 
for the later flowering varieties. 
On average, mean yields ranged from 800 kg/ha at Kunjin to 3427 kg/ha at Mingenew (Table 36).  
Kaspa performed well in 2005 along with Bundi, Yarrum and the breeding line WAPEA2193.  Kaspa is 
relatively late flowering and considered more suitable for the medium rainfall and longer season 
regions.  The long cool spring experienced at many sites would have provided favourable conditions 
for Kaspa.  Bundi (tested as 89-036*9-8) is a white seeded field pea with early flowering, but is 
otherwise similar to Kaspa.  Bundi was commercialised during 2005 for the mallee regions of Victoria.  
Yarrum was released in 2004 for northern NSW.  It is a semi-leafless variety with dun seed type, 
flowering similar to Kaspa and resistance to powdery mildew, but does not have the sugar pod trait.  
Interestingly, Bundi and Yarrum were not outstanding in the S3 breeding evaluation trials. 
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Kaspa  SL Dun 18163 3827 826 2761 1680 1228 3118 2179 
Bundi  SL White 107 99 87 98 124 109 86 101 
Dundale  C Dun 114 75 123 76 93 91 82 93 
Dunwa  C Dun 115 87 106 88 99 104 90 98 
Helena  C Dun 86 84 78 98 122 105 92 95 
Moonlight SL White 100 98 115 88 107 106 76 99 
Parafield  C Dun 121 81 101 86 99 116 90 99 
Snowpeak SL White 117 81 115 89 111 100 75 99 
Sturt  C White 84 92 107 86 113 102 83 95 
Yarrum  SL Dun 120 102 88 102 93 125 87 102 
WAPEA2193  C Dun 94 83 99 104 105 108 105 100 
96-286*1  SL Dun 115 85 91 105 90 102 97 98 
89-036*3-6  SL Dun 101 92 89 114 85 107 85 96 
96-262*1  SL White - 83 - 91 109 113 77 95 
WAPEA2200  C White 91 95 87 90 102 107 83 94 
95183-12-1  SL White - - - 89 103 92 - 94 
Mean   1923 3427 800 2578 1738 1293 2728  
lsd 5%   660 291 166 365 295 435 647  
CV%   6 5 11 8 9 18 13  
1 Seed yields of Kaspa and site means are presented in kg/ha.  Results presented here are preliminary and further analysis will be undertaken. 
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Days to flowering of field pea varieties throughout WA 
Mark Seymour1, Ian Pritchard1, Rodger Beermier1, Pam Burgess1 and Dr Eric Armstrong2 
1Department of Agriculture, Western Australia 
2NSW Department of Primary Industries, Wagga Wagga 
Key messages  
Predictive models are now available to determine the approximate time a given field pea variety will 
flower for a particular sowing/emergence date throughout WA. 
Background 
From a knowledge of sowing date, emergence, flowering date, finish flowering and maturity, varieties 
can be classified according to their growth and development.  This then allows calculation of the entire 
growing season for each variety:  sowing to flowering; length of the flowering period and flowering to 
maturity.  This could then help explain or give an understanding of different yield performances and 
ranking of a same set of varieties with different phenology and development patterns when exposed to 
specific environmental stresses such as early or late frosts, a hot day in September, a very severe 
early finish, or a late disease epidemic.  This information would also be useful for planning herbicide 
strategies where timing of application according to growth stage is vital.  Also, an understanding of the 
phenology responses of a range of genotypes in different environments and at different sowing times 
will provide a model to predict performance and growth of a particular variety at a specified sowing 
date and location. 
Aim 
• To monitor the phenology differences of a range of Australian field pea varieties across 
environments differing in temperature, latitude and rainfall. 
• Characterise flowering responses in terms of temperature and photoperiod 
Method 
Sites: WA – Scaddan, Lake Grace, Northam and Katanning (2004 data included in 
modelling);  NSW – Condobolin, Griffith, Dubbo (2), Wagga, Tasmania – ?  
Sowing dates (6): 1. Last week April (27th) 
 2. Third week May (18th) 
 3. Second week June (8th) 
 4. Fifth week June (29th) 
 5. Third week July (20th) 
 6. 2nd week of August (10th) 
Seed source: NSW_DPI (Wagga), except Dunwa and Kaspa –RBSEL-1 (WA) 
One to two visits per week to each site when emergence date (when 50% or more of seedlings 
showing through), percentage flowering (20% flowering used in models), and maturity were noted.  At 
some locations node number and yield components were measured.  Data for yield and components 
of yield not yet available for presentation. 
Multiple fungicide applications were sprayed in an attempt to minimise blackspot in very early sowing 
date blocks, with marginal success. 
Results 
The data collected from WA sites on emergence and flowering dates were modelled using the linear 
modelling approach of Watkinson et al. (1994) in their rate of development computer program 
RodMod.  Wherein mean temperature ([min + max]/2) and mean photoperiod (average minutes in the 
day, including civil twilight) for a given location describe the rate of development from 50 per cent 
emergence to 20  per cent flowering (1/f, where f = days to flowering) as per equation 1, the 
parameters of which are given in Table 37. 
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Equation 1:  1/f = A + B.Temperature + C.Photoperiod 





Photoperiod (minutes) % Variance 
accounted for 
A B C 
89-036*3-6 -0.0246 0.000768 0.00004058 76 
96-262*1 E -0.02777 0.001053 0.00004273 71 
96-284*3 VE -0.03459 0.001508 0.00004676 64 
96-286*1 -0.03784 0.001234 0.00005228 95 
96-286*3 VE -0.03354 0.001152 0.00005289 62 
Dundale -0.03192 0.001113 0.00004724 87 
Dunwa -0.03215 0.000823 0.00005101 76 
Excell -0.02233 0.000883 0.00003884 60 
Helena (2004 only) -0.03646 0.001274 0.00005014 95 
Kaspa -0.02754 0.000748 0.00004393 87 
Kaspa-RBSEL-1 -0.0378 0.001942 0.00005147 62 
Moonlight -0.02821 0.000834 0.00004566 85 
Morgan -0.02597 0.000811 0.00004121 76 
Mukta -0.01961 0.00073 0.00003309 75 
Parafield -0.03192 0.000871 0.00005006 81 
Snowpeak -0.03243 0.001147 0.00004895 76 
Sturt -0.02732 0.001021 0.00004288 65 
Yarrum -0.02857 0.000893 0.00004382 79 
Data for yield and components of yield are not yet available for presentation. 
Discussion 
The fitted models allow average climatic and geographic data in any location in WA to be used to 
predict the days to flowering for all 16 varieties for any emergence date.  For example a crop of Kaspa 
which is sown on 10 May at Mullewa (Lat = -28°32'), which emerges on 20 May and experiences a 
mean temperature for May-August of 14.3°C and a mean photoperiod of 670 minutes will on average 
flower in 79 days, on 7 August (Equation 2).  By comparison the early flowering selection out of 
Kaspa, Kaspa-RBSEL-1, will flower in 41 days on 29 June. 
Equation 2: Kaspa at Mullewa 
 1/f = -0.02754 + 0.000748*14.3 + 0.00004393*670 = 0.0125895 
 f = 1/0.0125895 = 79 
The models may also be used to broadly determine suitability of varieties for location x sowing time 
combinations for all of WA, and to classify varieties according to their photoperiod and/or temperature 
responsiveness. 
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Semi-leafless field peas yield more, with less ryegrass seed set, in narrow rows  
Glen Riethmuller, Department of Agriculture, Western Australia 
Background 
Semi-leafless field peas have an upright structure with tendrils that connect plants to each other.  
Growers have been increasing their row spacing over the years to allow for better stubble handling, 
lower point wear cost, lower seeder capital cost and because less tractor power is required.  With field 
pea tendril length being relatively short, the question to be answered is how wide rows can be sown 
such that the standing ability of the field peas is not compromised.  Wide rows have also been shown 
to increase the seed set of ryegrass in wheat (G. Riethmuller, Agribusiness Crop Updates 2005) so 
this also needs investigating in semi-leafless field peas.  Stubble retention is important for preventing 
soil erosion but does it affect yield in semi-leafless field peas. 
Experiment details 
This experiment has four row spacings:  90, 180, 270 and 360 mm with the previous year’s wheat 
stubble retained or burnt with six reps.  This randomised block experiment began in 1987 and has the 
same row spacing and same stubble level on the same plots each year.  Grain yield and ryegrass 
seed set were also to be measured. 
Soil type: Red sandy clay loam on Merredin Research Station. 
Sowing date: 2 June 2005. 
Plot centres: 5 m (3.2 m sown). 
Seed rate:  160 kg/ha Kaspa field peas without pickling but inoculated (certified seed from 
Victoria), germination 92 per cent, seed weight 237 g/1000. 
Fertiliser:  78 kg/ha Double Phos (17.7 P, 16.2 Ca, 3.6 S, 0.08 Zn, 0.08 Cu) banded 30 mm 
below the seed to reduce fertiliser toxicity (two passes on 9 cm). 
Covering: Phoenix harrows at 35 degrees were used with a towed car tyre roller.  All points 
were 40 mm wide. 
Sprays: 15 April 2.0 L/ha Spray.Seed 250, 2 June 2.0 L/ha Spray.Seed 250 + 1.0 L/ha 
Cropcare Treflan 480, 25 July 250 mL/ha Select, 4 August 100 mL/ha Brodal 
Options, 30 September and 13 October misted 200 mL/ha Fastac. 
Harvester: KEW 1.62 m wide harvesting the whole plot in two passes with Rytec ryegrass 
catcher system attached and Riethmuller crop lifters for better ryegrass capture. 
Harvest date: 11 November 2005. 
The treatments were sown with a no-till systems approach with all non-sowing tines removed.  All plots 
were rolled across the plots with a truck tyre roller in addition to a car tyre roller used in the centre of 
the plot.  The soil was dry on top (dusty) with moisture underneath at seeding.  
The fertiliser was banded below the seed by using two tines in line with Primary Sales Ref 7 40 mm 
wide points with narrow Forward Engineering boots for all treatments except the 90 mm row spacing 
which was done in two passes. 
Results 
There were some patches of waterlogging due to the very wet June (42 mm of rainfall in the 10 days 
after sowing) (Table 38).  The patches appeared to be a little worse in the 270 and 360 mm rows due 
to some water-harvesting as the rows were still in a slight depression, despite the Phoenix rotary 
harrows and rollers.   
Table 38. 2005 rainfall (mm) at Merredin 
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec. 
0.0 0.0 36.2 21.8 59.6 73.4 13.4 50.4 28.8 14.8 5.6 1.0 
May-Oct: 240.4 
Jan-Dec: 305.0 
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The seed depth was measured only on the first rep and was fairly uniform except perhaps the seed 
was slightly deeper in the 270 mm row spacing plots (Table 39). 
The plant establishment was good, on average 59 plants/m2 with a decreasing trend as the rows 
widened, which is normal due to plant competition (Table 39).  From the 180 to the 360 mm spacings, 
the plant number decreased, on average, by 1 per cent for each centimetre increase in spacing.  
There appeared to be no effect of stubble on emergence (data not shown). 
By 12 October the 90 and 180 mm rows were standing up very well while the 270 mm rows, although 
showing a tendency to lodge, were not as bad as the 360 mm rows.  The 360 mm rows tended to 
lodge in all directions and looked similar to this at maturity (Figure 22 and Figure 23).  Despite the 
360 mm spacing lodging, the harvest losses appeared very low and, as such, should not have affected 
the yields. 
 
Figure 22. 180 mm spacing with stubble burnt, 12 October 2005. 
 
Figure 23. 360 mm spacing with stubble burnt, 12 October 2005. 
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As with the wheat of 2004 in this experiment, stubble retention did not have an effect on the field pea 
yield and there was no interaction between row spacing and stubble retention therefore mean data for 
row spacing treatments are presented in Table 39.  In the past (1991-2003), the treatments with 
retained stubble yielded higher than the burnt stubble treatments.  This change may be the result of a 
higher density of ryegrass in the plots with stubble.  The 90 and 180 mm spacings yielded the same 
but yield reduced, on average, around 1 per cent for each centimetre as spacing increased from 
180 to 360 mm.  This may be due to the reduced plant number or seed size which, although not 
affected by stubble retention, also decreased with increasing row spacing (180 to 360 mm). 
The ryegrass seed collected by the Rytec system and from the harvested grain (about a quarter of the 
total ryegrass collected was in the grain) were combined and their number is presented in the 
following (Table 39).  The retained stubble treatment averaged about twice the amount of ryegrass 
than the burnt stubble treatment but interestingly was about half the amount of ryegrass seed 
produced in 2004.  It is not likely that the field peas were more competitive than wheat but perhaps the 
practice of removing the ryegrass seed at harvest is reducing the seed-bank.  As the row spacing 
increased, the ryegrass increased with the 360 mm spacing having around 2 to 4 times more ryegrass 
than the 180 mm spacing. 




6 July 2005 
Plant density 
(pl/m2) 
6 July 2005 
Harvest yield 
(kg/ha) 






11 November 2005 
Row spacing  
(mm) 





90 63 65 2089 198 24 57 
180 49 65 2032 195 47 93 
270 71 53 1857 187 58 196 
360 54 55 1759 190 183 235 
Average 59 59 1934 193 78 145 






















C of V (%) - 16 7 3 88 
Conclusion 
• Row spacings of 180 to 360 mm reduced the emergence and yield of Kaspa field peas by 
around 1 per cent for each centimetre that the row spacing increased. 
• The 360 mm row spacing tended to lodge while the 270 mm row spacing, although showing a 
tendency to lodge, was not as stable as the 90 or 180 mm row spacing at harvest. 
• The stubble retained treatments produced around double the ryegrass seed set than the burnt 
stubble treatments. 
• As the row spacing increased, the ryegrass seed number increased with the 360 mm spacing 
having around 2 to 4 times more ryegrass seed than the 180 mm spacing. 
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Swathing, stripping and other innovative ways to harvest field pea 
Mark Seymour, Ian Pritchard, Rodger Beermier and Pam Burgess, Department of Agriculture, Western 
Australia 
With more growers of field pea in WA than ever before it is inevitable that there are more people trying 
different ways to harvest them.  The Department of Agriculture’s Pulse agronomy project team once 
again have spent an interesting month catching up with as many farmers harvesting their field peas in 
order to see what works and what does not. 
Direct harvesting Kaspa in 2004 was problematic due to the low seed to canopy ratio.  In particular 
getting Kaspa to flow on belts was often very difficult.  In 2005 the crops were yielding much better 
and flow was much better regardless of whether the crop was swathed or harvested with a draper 
front.  It was pleasing to see many of the suggestions to improve flow on draper fronts suggested in 
the DAWA farmnote and video have been adopted and actually work!  Higher yielding crops also 
meant farmers were more willing to travel slowly and not push the system too far. 
On occasions fitting paddles to cross augers on draper fronts dramatically improved the flow of 
material into the harvester.  However many growers commented that their setups could be further 
improved by fitting lupin breakers to the cross auger and stripping plates above or behind the cross 
auger. 
In the Lakes district we visited a farmer who had fitted solid bars above the drape, which is a deluxe 
version of the wire fence idea.  Previous experience with Parafield in lower yielding years indicates the 
bars work quite well.  In 2005 the Kaspa crop sat well on the belts so the bars were not required to do 
anything. 
Another innovation saw a farmer in the Northam district fit solid plates above the drape which held the 
crop on the draper front quite well. 
 
Figure 24. Belt paddles fitted to across auger. 
 
Figure 25. Solid bars fitted above draper front. 
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Figure 26. Plates fitted above draper front. 
A number of growers tried picking up Kaspa without crop lifters when both swathing or direct 
harvesting.  In general this worked well and reduced the amount of dirt brought into the harvester.  
However it was important to adjust both the angle of the front and the angle and speed of the reel until 
the crop fed in efficiently.  It was also important to pay attention to the undercarriage of the front to 
ensure there were no areas where the crop could build up – particularly near the end of the front.  On 
gravel soils one grower found not using lifters actually increased the amount of gravel picked up – 
when lifters were fitted the gravel had time to drop out of the crop as it was picked up. 
Over the last few years there have been a small but committed group of farmers in the Esperance 
region who have been swathing field pea.  In 2005 it appears most farmers in the Esperance region 
and a few growers in the Great Southern tried swathing.  The general results were been positive with 
all field pea varieties producing enough bulk so that the swaths were very stable.  With wet conditions 
during harvest, swathing allowed farmers to spread out their harvesting time.  We did have concerns 
about how well the pea swaths would handle the wet weather, but in a few visits we did following rain 
we were surprised how dry the swaths were – but perhaps we were lucky with how the rain fell in short 
and sharp events. 
Once again the bulky crops meant the Kaspa material flowed well on the swathing fronts.  Some 
farmers had fitted cross augers to their swathers, and many removed them due to material wrapping 
around the auger. 
One of the more interesting farm visits was observing a Shelbourne Stripping front working in a Kaspa 
paddock.  The peas seemed to be magically disappearing as if they were being vacuumed from the 
paddock.  The farmer harvested at up to 16 km/hr and produced a good clean sample. 
 
Figure 27. Stripper front harvesting Kaspa. 
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DAWA have taken many photos and videos of all the aforementioned setups and will update the 
popular ‘Successfully harvesting semi-leafless field pea’ video in the New Year and release a swathing 
field pea farmnote during 2006. 
 
Pulse demonstrations 
Ian Pritchard, Wayne Parker, Greg Shea, Department of Agriculture, Western Australia 
Field pea varieties 
The aim of the demonstrations in 2005 was to allow growers in the low rainfall regions to evaluate 
Kaspa and recently released field pea varieties in their local area/environment.  Kaspa is currently only 
recommended for the medium and high rainfall regions. 
In trials in 2003 and 2004 the yield advantage of Kaspa over other varieties was greatest (> 1 t/ha) at 
the southern or longest growing season sites and decreased as the season length at the trial locations 
became shorter.  Yield differences between Kaspa and the other varieties may also be partly 
attributed to Kaspa’s higher harvest efficiency and lower harvest losses than the other varieties.  
Measured harvest losses for Kaspa generally being less than 100 kg/ha compared to over 1000 kg/ha 
for other varieties.  Kaspa’s ‘easier’ harvesting is one reason why growers in the low rainfall regions 
may be willing to trial Kaspa.  Grower experience limited that it is generally supports the trial results.  
Interest in Kaspa in 2005 continued to be high and positive with over 700 new growers of Kaspa, only 
24 per cent of new growers being in the low rainfall zone. 
Table 40. Field pea variety demonstration details − Morawa 
Site Settlement road, Morawa 
Treatments Dundale, Parafield, Kaspa 
Soil type Red loamy clay 
Sowing date 23 May, paddock rolled 24 May  
Seeding rate Approx. 100 kg/ha 
Fertiliser 50 kg/ha TSP 
Comments May to October rainfall was 261 mm with an unusually long mild spring which favoured the 
later flowering Kaspa, disease pressure for the site was also very low with very few/nil field 
peas grown in the district for many years. 
Table 41. Plant establishment and grain yield − Morawa 
Variety Emergence plants/m2 Standard error Yield (t/ha) Standard error 
Parafield 25 2 1.65 0.07 
Kaspa 28 1.7 1.89 0.25 
Dundale 25 1.1 1.93 0.09 
lsd (P = 0.05) NS  NS  
The length of the season helped Kaspa relatively more than Dundale and Parafield.  Kaspa flowers 
about three to five days later than Parafield and matures at about the same time as Parafield (three to 
seven days later than Dundale).  The yield results support the view that Kaspa is better suited to the 
medium and high rainfall regions but may be considered by growers in low rainfall regions due to other 
positive characteristics such as harvest height, harvest losses and ease of harvest.  The large 
variability in Kaspa grain yield was in part due to the lack of harvester set-up for the Kaspa plots, the 
direction of harvest and machinery settings being established on a trial and error basis.  The first two 
plots were harvested with the lay of the crop which caused a great deal of blockage on the coulters at 
each end of the barrel plucker.  The third plot was harvested against the lay of the crop and fed into 
the harvester without blockage losses. 
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The relative disappointing performance of Parafield could be explained by poor quality seed.  The 
Parafield seed used was the growers, which had been kept from on farm seed each year for the last 
four years.  The seed size was visibly smaller than ‘normal’ Parafield and also contained 
approximately 15 per cent of a speckled ‘duck egg’ type (possibly Pea Seed Borne Mosaic Virus?) 
Table 42. Field pea variety demonstration details − Merredin 
Site Merredin Research Station – 05ME14 
Treatments 
Dundale, Helena, Kaspa, Moonlight, Sturt, Yarrum 
24 plots 4 replications plot size 8 x 60 metres 
Soil type Red clay loam 
Sowing/harvest dates 2 June, paddock rolled 2 June:  11 November 
Seeding rate  Approx. 100-20 kg/ha depending on variety 
Fertiliser 80 kg/ha DAP 
Herbicide/insecticide 
2 June 2.0 L Spray.Seed 250 & 1.0 L Treflan 
8 June 1.0 L Diuron 500 
6 July 100 mL Dimethoate & 250 mL Select 
30 September Mister 200 mL Fastac 100 
13 October Mister 200 mL Fastac 100 
31 October Mister 200 mL Fastac 100 
Comments 
May to October rainfall 241 mm with an unusually long mild spring which favoured 
the later flowering varieties. 
Table 43. Grain yield of field pea varieties − Merredin 
Variety Yield kg/ha % of Dundale 
Dundale 1366 100 
Helena 1497 110 
Kaspa 1304 95 
Moonlight 1369 100 
Sturt 1563 114 
Yarrum 973 71 






The highest yielding variety at this site was Sturt which is a conventional white seeded trailing type 
field pea, it has also been the highest yielding white field pea across south east Australia.  The yield of 
Yarrum a dun semi leafless type was disappointing, being bred by the University of Sydney for central 
NSW to southern QLD a low rainfall environment similar to that of Merredin.  The yield of Kaspa being 
slightly lower than that of Dundale and Helena again supports the view that based on yield alone 
Kaspa should not be recommended for growers in the low rainfall regions. 
Field pea and albus lupin 
The new Lupinus albus variety Andromeda has a significantly higher level of resistance to 
anthracnose than the current variety Kiev Mutant and has potential in the medium to low rainfall area 
of the Northern Wheatbelt (east of a line from Nabawa to Mingenew to Carnamah) with an 
anthracnose management package.  Andromeda is later flowering than Kiev mutant and is expected 
to be lower yielding in the absence of lupin anthracnose.  Its development has been fast tracked in 
conjunction with the Council of Grain Grower Organisations (COGGO) and GRDC.  Andromeda was 
released in 2005, and first commercial production will occur in 2006. 
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With the release of Andromeda (WALAB2000) in 2005, the first anthracnose resistant albus lupin and 
the continuing interest from growers to find a legume for their medium to heavy land − a field pea, 
albus lupin variety demonstration was sown at the Liebe Groups Buntine site. 
Table 44. Field pea and albus lupin variety demonstration details – Buntine (Liebe group) 
Site Buntine – 05ME17, Liebe Group Research Site 
Treatments 
Dundale, Helena, Kaspa, Kiev Mutant, Andromeda 
15 plots 3 replications plot size 1.4 x 50 metres 
Soil type Red clay loam 
Sowing/harvest dates 27 May (18 cm row spacing with knifepoints), 22 November  
Seeding rate  Approx. 100-120 kg/ha depending on variety, adjusted to achieve 60 plants/m2 
Fertiliser 80 kg/ha DAP banded 
Herbicide/insecticide 
25 May 1.2 L Wipeout 
27 May 100 mL Talstar 
27 May 1.1 L Bladex and 2.4 L Spray.Seed 250 
28 July 1.0 L Hasten and 300 mL Aramo 
29 July 100 mL Le Mat 
Comments May to October rainfall was 258.5 mm. 
Table 45. Grain yield of field pea and albus lupin variety − Buntine (Liebe group) 
Variety Yield kg/ha % of Dundale 
Dundale 1084 100 
Helena 1288 119 
Kaspa 1096 101 
Kiev Mutant Albus Lupin 447 41 
Adromeda Albus Lupin 211 19 






Helena is the highest yielding field pea in this trial and confirms other trial experience where the later 
maturity of Kaspa results in its yield potential being limited in lower rainfall environments.  Helena 
remains as one of the recommended field pea varieties for the low rainfall regions. 
Albus lupins cannot compete on yield with field peas, especially when they are sown late in May as 
which occurred in this trial.  Late May − early June is an ideal sowing time for the field peas in this 
environment as it not only minimises the risk for black spot but also allows for the possibility of a 
number of pre-sowing weed control options to be used.  In comparison albus lupins in general are 
suited to an early sowing window due to their longer growing season requirement.  Andromeda does 
not yield well in comparison to Kiev mutant in short season/low rainfall environments as it has a longer 
maturity than Kiev mutant, flowering about one week later.  In the presence of anthracnose however 
Andromeda will perform significantly better than the highly susceptible Kiev Mutant. 
Stubble management and harvestability of field peas 
Semi leafless field pea varieties like Kaspa, Yarrum, Moonlight and Snowpeak have substantially 
improved structure for harvesting compared with trailing types such as Dundale and Parafield.  In most 
conditions Kaspa will stand better at harvest than trailing type varieties.  Some semi-leafless field peas 
including Moonlight and Kaspa have a sugar pod trait that reduces pod shatter.  The combination of 
reduced lodging, improved pod height and reduced pod shatter available in semi-leafless lines like 
Kaspa and Moonlight results in lower harvest losses in the paddock and a cleaner sample  
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Nevertheless for ease of harvesting, particularly in circumstances where semi-leafless peas may lodge 
it is important to prepare paddocks prior to and after sowing to ensure a clean level paddock for 
harvesting.  Historically this preparation for trailing types has generally consisted of the removal of 
cereal stubble and rolling following sowing of the field pea crop. 
Semi leafless field pea varieties like Kaspa, Yarrum, Moonlight and Snowpeak may allow the retention 
of cereal stubble while not affecting harvesting efficiency and sample quality.  The amount and 
condition of the cereal stubble − standing or loose, soil type, aspect, grazed or un-grazed we 
determine the relative wind erosion hazard of the pea stubble. 
Table 46. Stubble management and harvestability of field peas details − Meckering (WANTFA) 
Site WANTFA site Meckering 
Treatments Kaspa and Parafield field pea varieties sown side by side into 2004 standing wheat 
(Wyalkatchem Yield 2.04 t/ha) stubble, cut at 30 cm.  Plot dimensions 10 metres 
wide by 40 metres long, half of plot (20 metres) rolled with a tyre roller post sowing 
pre-emergent. 
Soil type Yellow brown deep sandy duplex. 
Loamy Sand 0-45 cm, pH (CaCl2) 6.4-4.3. 
Sandy Clay Loam 45 cm +, pH (CaCl2) 6.7. 
Sowing/harvest dates 2 June by Department of Agriculture Cone Seeder.  Shearer Tynes with Primary 
Super Seeder Points and Primary Press Wheels (Hollow Centre).  Double chute, 
fertiliser below seed.  8 row - 18 cm row spacing. 
Seeding Depth− at 5 cm. 
Seeding rate  Kaspa − 120 kg/ha, Parafield − 120 kg/ha 
Fertiliser 70 kg/ha of DAP. 
Herbicide/insecticide Knockdown prior to sowing. 
Post sowing pre-emergent and post rolling − 1.0 L/ha Diuron + 200 g/ha 
Metribuzin/ha. 
Plots were inspected at the 3-5 node stage for assessment of weed burden for 
post-em spraying, no post-emergent herbicide was applied due to very low/nil 
weed burden. 
Plots were not sprayed for native budworm or pea weevil at flowering, however just 
prior to harvest evidence of pea weevil (eggs on pods) was found. 
Prior to harvest the plots were measured at 10 points for standing height and photographed.  Rolling 
reduced the final average height of the Kaspa from 39 cm un-rolled to 24 cm rolled and Parafield from 
20 cm un-rolled to 15 cm rolled respectively.  Retaining standing stubble (cut at 30 cm) improved the 
standing ability of the peas at harvest.  The standing ability of Kaspa in the absence of standing 
stubble (rolled) is better than Parafield a conventional trailing type in the presence of standing stubble 
(un-rolled). 
Table 47. Grain yield of Kaspa and Parafield field peas rolled and un-rolled 
Treatment Yield kg/ha 
Parafield 1443 
Kaspa 1589 
Rolled crop (Kaspa & Parafield) 1387 
Unrolled crop (Kaspa & Parafield) 1644 
lsd (P = 0.05) NS 
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Table 48. Harvest height cm of Kaspa and Parafield field peas rolled and un-rolled 
Treatment Harvest height (cm) 
Parafield rolled crop 15.3 
Parafield unrolled crop 20.3 
Kaspa rolled crop 24.1 
Kaspa unrolled crop 29.3 
Due to the small size plot size the demonstration was harvested with a plot harvester consequently 
three sub–plots were harvested for an indicative measure of yield.  It appears that rolling affected yield 
of both Kaspa and Parafield with no statistical difference between varieties or rolled and unrolled crop.  
The field pea yields while not over two tonnes were pleasing in relation to the acidic duplex soil type 
which they were grown on and the practical demonstration of retaining stubble on harvest height.  
Further observations over summer and autumn will be made regarding the plots relative wind erosion 
susceptibility. 
 
Field pea extension – focus on field peas 2005 
Ian Pritchard, Department of Agriculture, Western Australia 
Background 
The WA Seed Net Partners (the major distributors of Kaspa seed) indicated in early 2005 that they 
had on order approximately 2,200 tonnes of Kaspa seed which lead to the following broad 
conclusions, assuming average multiplication rates and amount of seed bought per grower. 
• Approximately 20,000 hectares of Kaspa will be sown in 2005 which has the potential to sow 
200,000 hectares in 2006. 
• There may be up to 1000 new growers of Kaspa in 2005. 
• The area sown to field pea and the number of field pea growers in WA is going to dramatically 
increase in the next 2-3 years. 
With the expected increase in the number of field pea growers in 2005 and total area of field peas, the 
pulse project’s primary aim was to supply information on field pea agronomy and more specifically 
Kaspa agronomy to the WA farming community. 
Note:  AWB Seeds Ltd figures provided at the end of the 2005 season showed over 700 new Kaspa 
growers sowing approximately 1,600 tonnes of seed with 76 per cent of growers from the medium and 
high rainfall zones. 
2005 extension activities 
The 2005 extension year for the pulse extension project commenced in December 2004 with the 
provision of two technical update sessions with Elders and Landmark agronomists. 
In February a plenary presentation was given at the 2005 Agribusiness Crop Updates titled – ‘250,000 
Hectares of Field Pea in WA – Is it Sustainable’ by Larn McMurray, Pulse Research Officer, SARDI 
and Mark Seymour, Pulse Project Manager, DAWA.  The presentation highlighted the experience with 
field peas in South Australia (SA) and the lessons which could be learnt from SA so growers in WA do 
not encounter similar problems. 
2005 saw the release of two new practical guides to growing pulses in the Northern and Southern 
Regions of Western Australia and the release in April of two targeted farmnotes. 
• Kaspa – The agronomic production package for Kaspa field pea. 
• Successfully harvesting semi-leafless field peas – observations and machinery 
setup/modifications from growers harvesting Kaspa. 
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Eight articles were produced fortnightly for a column within the Countryman newspaper commencing 
on 30 June and finishing on 6 October.  Article content concentrated on important agronomic 
information for field pea production, positive solutions to perceived problems or issues in field pea 
production and 2004 and 2005 seasonal issues/results.  The articles were released as press releases 
which were subsequently used by rural papers State-wide. FF On a number of occasions stories 
achieved blanket coverage in the rural press and were picked up by Farm Weekly.  The articles were 
also used for local Department of Agriculture Agmemo articles and Grain Legume News articles. 
Eleven radio interviews were undertaken fortnightly with Radio West Network − Rural Focus with 
Vin Dawes commencing on 26 May and finishing on 13 October.  The interview topics were based on 
the previous week’s newspaper article giving blanket coverage to the rural community.  ABC breakfast 
sessions and country hour picked up various stories through out the year. 
Successfully harvesting semi-leafless field peas CD was released in August 2005 in time for the 
Dowerin Machinery Field Days and the spring field day season.  800 copies of the CD have so far 
been produced with approximately 600 so far being supplied free of charge to 
growers/consultants/advisers in WA and Eastern Australia.  AWB Seeds Ltd have subsequently asked 
permission, which has been given, to produce and distribute copies of the CD in Eastern Australia. 
Pulse project members attended numerous spring field days/walks from Mullewa/Mingenew in the 
north of the State to Salmon Gums/Mt Ridley in the south of the State.  The focus for many of these 
field days/walks was the performance/harvesting of Kaspa in the various rainfall zones. 
A significant focus of the extension work has been in the area of facilitating change or put simply 
helping growers include field peas in their farming system.  Such a focus requires project members to 
change their focus from being just research orientated to a wider all encompassing perspective on 
what are the issues which are important to growers.  This has resulted in the project seeking out 
machinery dealers and manufacturers of harvest equipment (the harvest CD), grower case studies on 
the inclusion of field peas, the attendance of a WA Trade Office adviser at the Second Annual 
Conference on Pulses and Related Industries India Conference, New Delhi India, August 21 2005 to 
forewarn the Indian Market of the anticipated increase in WA field pea production and to receive 
feedback from the Indian Market on Kaspa field peas.  The work, information and materials produced 
providing confidence to growers and industry on the expansion of the WA field pea industry. 
 
Budworm management of semi-leafless field pea 
Mark Seymour, Peter Mangano, Ian Pritchard, Rodger Beermier, Leanne Young and Alan Harrod, 
Department of Agriculture, Western Australia 
Key messages  
• Twice as many sweeps are required when monitoring semi-leafless field pea for budworm. 
• The semi-leafless variety Kaspa responded more consistently to the control of budworm than 
the trailing variety Helena. 
Background 
In 2004 Kaspa growers, in South Australia and Esperance, experienced difficulties in controlling native 
budworm, with high levels of damaged seed.  A number of reasons have been put forward including: 
• Timing of insecticide application in relation to grub infestation. 
• Failure of sampling method in Kaspa crops to reflect numbers of larvae present. 
• Kaspa’s rapid pod growth results in lower residual activity of the insecticides due to the dilution 
of the insecticide as the pod grows. 
• Kaspa’s rapid pod set may result in new pods having no chemical protection. 
• The plant structure with all the pods in the top third of the plant makes Kaspa more susceptible 
to native budworm. 
• Semi-leafless field peas have less leaf material for small larvae to feed on, thus they move onto 
the pods earlier. 
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Kaspa is a determinate variety − it produces flowers and set pods over a short period of time, and 
does not go on to produce multiple branches and multiple flowering nodes later in the season.  Kaspa 
is more determinate than other field pea varieties, such as Helena and Parafield, which pod and flower 
over a longer period of time.  Kaspa being determinate may make it more susceptible than other 
varieties to pea weevil and native budworm because of its shorter flowering and podding period. 
Aims 
• To determine if current monitoring and sampling for based on previous work on trailing type field 
peas (Dundale, Parafield, Helena, etc.) works for Kaspa/semi-leafless field pea. 
• To determine if thresholds (numbers and size) for damage of Kaspa/semi-leafless field pea are 
the same as trailing types. 
Method 
Strip plot design (with 6 replicates).  Whole Plots:  2 varieties (Helena and Kaspa) randomised within 
replicate blocks Sub Plots:  Insecticide spray times – 1 – Nil;  2 - Single spray applied at 1st pod; 
3 - Single spray applied at budworm threshold of 1 grub in 10 sweeps (or per m2 equivalent);  4 –
 Full - Multiple sprays to provide full protection against all insect pests. 
Nil treatment plots had an unsprayed buffer area either side (in effect Nil plots are 3 plots wide) to 
ensure the attraction of the moths to unsprayed plots is not affected by sprayed plots nearby.  Outside 
buffers had the same spray as nearest plot for similar reasons.  Areas outside of trial were not sprayed 
with insecticide for 2 boom widths, and nearby use of misters or planes near trial were avoided by 
having the trial at the Merredin Research Station. 
Event diary:  8 June 2005 − Trial Sown with 75 kg/ha DAP, Sprayed whole trial with Simazine 500 at 
2 L/ha, Spray.Seed 250 at 2 L/ha, Diuron 500 at 1 L/ha;  14 September 2005 Pre Spray Sweep − 
Helena - advanced plants 3 flowers + buds, Older flowers about to reveal first pods, Kaspa - few 
flowers terminal bud about to open to first flowers, No larvae found on plots with random sweeps, 
found one grub in 100 sweeps in buffer, pea Weevil - 2/100 sweeps on crop edge North side, 
5/100 sweeps in West paddock on crop edge;  19 September 2005 Sprayed Fastac 100 at 0.2 L/ha on 
1st pod and Full Treatments of Helena;  29 September 2005 – Sweep - Helena - advanced plants 
have up to 4 pods + full flower sets, Kaspa - flowering on most stems no pods visible yet, weather 
overcast and cool < 20°C, showers earlier damp understorey to crop; 3 October 2005 – Sprayed 1st 
pod and Full Treatments of Kaspa;  11 October 2005 – Sweep - Helena/Kaspa - Nearly all plants 
finished flowering (odd last flower) some with dead terminal flower, full length pods + some 1/4 
formed, most advanced pods (2%) fully formed seed and seed coat swollen with slight change in 
colour, Helena falling over - netted into fall, Kaspa still upright - netted in some direction and into wind;  
12 October 2005 − Fastac 100 at 0.2 L/ha on Threshold and Full Treatment 4 only;  18 October 2006 – 
Sweep - Helena - most advanced pods fully formed and walls changing colour to light tan/green, lower 
leaves dead or dying, Kaspa - most advanced pods fully formed and walls changing colour to light 
tan/green, lower leaves dead or dying weather - fine and sunny 25°C Max;  31 October 2005 – 
Sprayed Fastac 100 at 0.2 L/ha on Full Treatment 4 only;  9th November − yield components taken. 
Results 
Sweeping Kaspa for budworm larvae was approximately half as effective as sweeping Helena 
(Table 49), indicating to monitor for budworm growers may have to sweep 25 times rather than 10 
times before counting number of larvae in their net.  As a result of the inefficiency of sweeping in 
Kaspa the data for Kaspa in Table 50 has been adjusted by multiplying by 2.4. 
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Table 49. Average number of Budworm larvae per m² (3 reps per area) compared to the number of 
larvae per 10 sweeps of Kaspa and Helena at Merredin RSU 
 
Number of budworm larvae in 
Helena 
Number of budworm larvae in 
Kaspa Helena/Kaspa 








13/10/2005 2.3 3.7 1.6 2.0 1.3 0.7 2.4 
19/10/2005 
Area 1 
11.3 19.3 1.7 5.3 4.3 0.8 2.1 
19/10/2005 
Area 2 
8.3 18.3 2.2 7.0 6.0 0.9 2.6 
Mean       2.4 
Budworm numbers reached the threshold of 1 per 10 sweeps on 11 October by which time both the 
1st pod and full treatment of Kaspa and Helena had been sprayed 8 and 22 days previously.  The 
sprays were effective in reducing budworm larvae numbers.  After the thresholds were met on 
11 October both the Full and Threshold treatments were sprayed on 12 October which gave effective 
control of budworm larvae.  One week later it was also evident that the chemical applied at 1st pod set 
for Helena 29 days previously was still effective in controlling budworm larvae.  A further week later 
budworm larvae numbers had declined naturally and or were harder to sample as the Helena and 
Kaspa crops had started to lodge and were becoming dry and brittle.  This particularly was the case 
for Helena which explains the slighter higher number of larvae found in Kaspa as the crop had not 
lodged as badly, so sweeping was still effective.  All treatments were still effective in reducing 
budworm numbers, but were very close to threshold levels so at this stage it was decided to spray the 
Full treatment again on 31 October.  Subsequent to this, plants had lodged and were quite dry, and 
sampling for budworm was not possible. 
Ryegrass was scattered throughout the trial and crop density was slightly uneven between plots, 
without being related to any treatment imposed, such that both ryegrass and crop density ratings were 
used as covariates in the analysis of variance of grain yield.  This showed a significant variety x spray 
response (p < 0.05), with the grain yield of Helena not responding to insecticide sprays whilst Kaspa 
did.  The spray treatments of Kaspa significantly (p < 0.05) out yielded the unsprayed plots by as 
much as 18 per cent, however there was no significant difference between sprayed treatments with 
spraying at first pod, at a threshold or multiple times being equally effective. 
Whilst the yield of Helena was not affected by budworm the quality of the seed was, with the 
unsprayed treatment having 2 per cent damaged seeds – getting close to being downgraded to 
Milling 2.  Kaspa was more affected with 10 per cent damaged seeds – suitable for feed only (data not 
shown). 
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Table 50. Grain yield and budworm numbers over time at Merredin RSU  






Budworm numbers per 10 sweeps 
11/10/2005 18/10/2005 26/10/2005 
Helena Unsprayed 1118 3.8 13.0 3.5 
19/9 1st pod 1157 0.0 0.3 0.8 
12/10 Threshold 1194 5.7 0.7 0.7 
19/9, 12/10, 31/10 Full 1158 0.3 0.5 0.2 
 Buffer, unsprayed - 4.7 14.0 3.0 
   Budworm numbers per 24 Sweeps 
Kaspa Unsprayed 1129 4.0 9.2 7.6 
3/10 1st pod 1346 0.4 0.0 0.4 
12/10 Threshold 1273 5.6 1.2 0.4 
3/10, 12/10, 31/10 Full 1248 2.4 0.0 0.8 
 Buffer, unsprayed  3.2 8.0 5.2 
  Mean 1203 3.0 4.7 2.3 
Mean variety Helena 1157 2.9 5.7 1.6 
 Kaspa 1249 3.1 3.7 2.9 
Mean spray Unsprayed 1123 3.9 11.1 5.6 
 1st pod 1252 0.2 0.2 0.6 
 Threshold 1233 5.6 0.9 0.5 
 Full 1203 1.4 0.3 0.5 
 Buffer, unsprayed - 3.9 11.0 4.1 
Prob.      
Variety  0.276 0.800 0.097 0.049 
Spray  0.021 < 0.001 < 0.001 < 0.001 
Variety x spray  0.037 0.225 0.14 0.042 
lsd (p = 0.05)      
Variety  268 2.1 2.6 1.5 
Spray  78 2.4 4.2 1.8 
Variety x spray  153 3.1 5.1 2.8 
 same variety 98 2.7 5.0 3.0 
 same spray 154 2.6 4.2 3.3 
CV%      
reps  2 42 25 50 
rep.row  5 66 75 76 
rep.col  6 47 37 50 
rep.row.col  4 58 73 143 
Project number:  GRDC DAW00100 
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Field pea blackspot disease in 2005:  Prediction versus reality 
Moin Salam, Jean Galloway, Pip Payne, Bill MacLeod and Art Diggle, Department of Agriculture, 
Western Australia 
Key messages 
• The ascospore-load predicted by the Blackspot Manager model at different times of sowing 
agreed well when compared with field observations during the 2005 season at both Merredin 
and Scaddan. 
• Early-May sowing gave lower yield and was associated with high disease severity.  In the 
presence of blackspot there was no penalty in realised yield for delayed sowing up until mid-
June. 
• Impact®, an in-furrow applied fungicide, did not significantly suppress the disease. 
• The model’s prediction may be used as guidance for selecting a suitable time to sow field peas 
in order to reduce both disease incidence and loss of potential yield.  
Principle of blackspot disease management in field pea 
Western Australian researchers have found that windblown spores are the key infection agent 
introducing blackspot infection into field pea crops grown in the State.  The blackspot fungus produces 
ascospores from the previous season’s field pea stubble.  As fungicide control is not economical and 
varieties with resistance to this disease are not available, management of blackspot depends on 
agronomic or cultural practices.  The principal strategy for management of blackspot in field peas, is to 
delay sowing as far as possible towards the end of the sowing window to avoid the majority of 
ascospores falling released from pea stubbles.  A rule of thumb is to delay sowing until at least 50 per 
cent of the ascospores have been released and fallen on barren soil.  This reduces the potential 
blackspot disease level. 
How do we predict ascospore release? 
The Blackspot Manager, developed by the Department of Agriculture, Western Australia, uses the 
pre-season temperature and rainfall to forecast the onset and progression of ascospore dispersal from 
infected field pea stubble.  The model also predicts the incidence and frequency of ascospore release 
during the growing season (Salam et al. 2003).  The model’s predictions are based on the weather to-
date and then projecting forward using historical weather data for a range of potential seasonal 
scenarios.  Prediction of ascospore maturity helps growers to choose a suitable sowing time in order 
to minimise the risk of high numbers of spores falling on emerged crops.  These predictions were 
provided for more than a month in advance in the lead-up to the 2005 cropping season. 
How did the model go with predictions in 2005? 
We tested the model’s prediction of percentage of the potential yearly total of ascospores to which the 
crop would be exposed for four times of sowing of field pea at Merredin and Scaddan during 2005.  To 
validate the model’s predictions, a trial was established at the Merredin Research Station with four 
times of sowing between early-May to mid-June sowing.  In Scaddan, the disease was scored in 
growers paddocks with a range of sowing times during 2005. 
At Merredin, the Blackspot Manager forecast a high ascospore-load during early-May sowing; the 
predicted load decreased when sowing time was delayed (Figure 28).  The model runs suggested that 
the peak level of ascospores could have been avoided by sowing the crop during end-May.  Disease 
severity assessed during podding stage for each times of sowing agreed with the model.  The trial 
results show that Impact®, an in-furrow applied fungicide, did not significantly suppress the disease.  
The yield tended to be slightly higher with mid-May and end-May sowings compared to early-May or 
mid-June sowings (Figure 29).  In this environment potential yield usually declines when sowing time 
is delayed.  The low yield with the early-May sowing appeared to be related to high disease severity.    
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The blackspot disease forecasts also agreed well actual disease levels observed at Scaddan (Figure 
30).  In this location, disease severity was relatively low compared to Merredin because growers 
sowed the crop late, during the third week of May or even the first week of June.  Nevertheless, the 
differences in disease severity at this site were in the line with predictions from the model. 
Conclusion 
Blackspot Manager can help to understand the impact of season on the epidemiology of blackspot and 
to estimate ascospore-load in relation to sowing time of field pea.  This may help growers to identify a 
suitable time to sow their crop in order to reduce both disease incidence and penalty on potential yield. 
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Fungicide (+) Fungicide (-) Prediction
 
Figure 28. Predicted percentage of yearly total of ascospores to which the crop would be exposed and 
severity of blackspot disease (0-5 scale), measured during podding stage, on field pea, 
cv. Helena for four times of sowing at Merredin Research Station with and without fungicide 
(Impact® @ 571 mL per 70 kg fertiliser) during 2005. 
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Figure 29. Yield of field pea, cv. Helena for four times of sowing at the Merredin Research Station with 

























































































Figure 30. Observed severity of blackspot disease (0-5 scale) measured at pod maturity and predicted 
percentage of the potential maximum number of ascospores to which that the crop would be 
exposed at Scaddan during 2005.  Predicted values are from Blackspot Manager. 
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Pea seed-borne mosaic virus in pulses:  Screening for seed quality defects and 
virus resistance 
Rohan Prince, Brenda Coutts and Roger Jones, Department of Agriculture, Western Australia and 
CLIMA, The University of Western Australia 
Key messages 
• All lentils and faba beans proved highly susceptible to plant infection by PSbMV.  Chickpeas 
were generally of intermediate susceptibility and different field pea genotypes ranged from 
highly susceptible to resistant. 
• Faba bean and chickpea seeds were severely compromised by PSbMV seed coat symptoms 
but damage to field pea seed varied between genotypes and lentils were less affected.  
• Kabuli chickpea seed coat darkening by PSbMV was a particular cause for concern as were 
markings on the seed itself after the seed coat was removed.   
• Field pea breeding lines 2140 and 2128 were identified with potential immunity to PSbMV. 
• A program of cleaning up pulse seed stocks from PSbMV infection is warranted. 
Background 
In the past in Australia, seed discolouration of pulses has usually been attributed to environmental 
staining, insect damage and fungal disease.  However, a common seed-borne disease of pulses 
caused by Pea seed-borne mosaic virus (PSbMV) impairs seed quality inducing defects such as 
necrotic rings and line patterns in seed coats, shrivelling of seed and seed splitting.  This virus disease 
poses a serious seed quality threat to pulses exports, with the potential for rejection or downgrading of 
consignments.  Previous work in WA, showed that PSbMV disfigures seeds of field pea, chickpea, 
faba bean and lentil.  Most severe damage was observed in faba bean.  The seed damage in diverse 
pulses is most obvious in white seeded types.  There is a need to evaluate advanced breeding lines, 
germplasm and commercial cultivars of chickpea, field pea, lentil and faba bean to identify ones 
severely damaged and ones tolerant of seed quality damage caused by PSbMV.  Also, there is a need 
to identify breeding lines, cultivars and germplasm with resistance to infection with PSbMV.   
Method 
A large-scale screening trial was done at Medina Research Station in 2004 to evaluate the 
performance of 6 genotypes each of faba bean, desi chickpea, kabuli chickpea and lentil, and 7 of field 
pea.  The trial design included 6 replicates in single row plots each 3m long.  At either end of each 
row, a PSbMV-infected faba bean plant was transplanted to act as a primary source of the virus.  
Between each infected transplant a healthy faba bean plant was grown to act as a delayed, secondary 
source of virus infection.  Transmission occurred naturally by aphids spreading the virus.  PSbMV 
infection levels were determined by ELISA testing of leaf samples from each plant using PSbMV-
specific antiserum, with individual plants tagged when found to be infected.  Sensitivity rankings (1-9) 
for infection were done once towards the end of the growing period with rankings of 1 for symptomless 
infection up to 9 for death of the plant.  The symptom types present were also recorded.  The seeds 
harvested were examined for susceptibility and sensitivity to viral seed staining and markings, and the 
predominant defects recorded.  With field pea, for some genotypes the amounts of virus transmission 
through seed to seedlings were determined by growing out the harvested seed and testing leaves by 
ELISA using antiserum specific for PSbMV.   
Results 
Plants of the desi and kabuli chickpea genotypes tested had the lowest PSbMV incidences (28-54% 
and 32-51% respectively).  The incidences in faba bean were 75-100 per cent and for lentils 
98-100 per cent.  Field pea genotypes had a wide range of incidences varying from 0 per cent to 
100 per cent. 
From the percentage PSbMV plant infection data, faba beans were all ranked as highly susceptible.  
The foliage of all genotypes was severely damaged by PSbMV infection.  Symptoms included leaf and 
shoot tip distortion, and varying degrees of mottle and stunting.  Of the different pulses, faba beans  
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developed the most severe seed quality defects induced by PSbMV infection.  The predominant seed 
coat defects were necrotic rings, necrotic line patterns, malformation, seed splitting and reduced seed 
size.   
From the plant infection data, the lentil genotypes were all ranked as highly susceptible to PSbMV.  
However, they were the least severely symptom-affected of the pulses, their foliage symptoms being 
only some leaf distortion and a mild chlorosis.  For seed quality defects, they were the least severely 
affected pulse.  Their symptoms were mild necrotic rings and line markings, malformation, darkened 
seed coat and reduced seed size.  
Desi and kabuli chickpea genotypes ranked from moderately resistant to susceptible with no 
statistically significant difference between kabuli and desi types in the number of plants infected.  
However, chickpeas were nearly as severely symptom-affected as faba beans.  The foliage symptoms 
in desi types were tip distortion, leaf distortion, stunting, and mild chlorosis.  Kabuli foliage symptoms 
were similar, but also included mild chlorosis and mild mottle in older leaves.  Seed symptoms were 
darkening of seed coat (kabuli only), necrotic rings, malformation and reduced seed size.  Kabuli seed 
was severely compromised due mainly to the darkening of the seed coat and the dark lines patterns 
and rings showing clearly against the white seed colour background.  Also, these seed coat markings 
were accompanied by markings on the seed itself after the seed coat was removed.  Desi seeds were 
affected at a more intermediate level.   
Field peas varied the most in plant susceptibility with different genotypes in all of the highly resistant, 
moderately resistant, susceptible and highly susceptible categories:  Kaspa, 2193 and Dunwa were all 
highly susceptible becoming 100 per cent infected, 2205 was susceptible with 51 per cent infection, 
2200 was moderately resistant at 31 per cent and genotypes 2128 and 2140 were both uninfected, the 
only two genotypes in the entire trial showing potential immunity.  Foliage symptoms were pallor, faint 
mottle, stunting, and shoot tip distortion.  The predominant seed coat defects induced by PSbMV 
infection were necrotic rings, necrotic line patterns, malformation, seed splitting and reduced seed 
size.  With seed the field peas were mostly less severely affected than the chickpeas.  No seed 
transmission was detected in 2128 or 2140 while for Dunwa and Kaspa the seed transmission 
incidence was 20 per cent.   
Conclusion 
Lentils and faba beans proved highly susceptible to plant infection by PSbMV.  Chickpea proved 
intermediate in susceptibility.  In field pea, breeding lines 2140 and 2128 were identified with potential 
immunity to PSbMV.  These genotypes are of interest to field pea breeders.  The other field pea 
genotypes ranged widely in susceptibility, from highly susceptible to resistant.  Foliage symptoms were 
severe in faba beans and chickpeas, mild in lentils and mostly of intermediate severity in the different 
field pea genotypes.  When the degree of seed quality defects and the relative extent of damage 
caused to the seed of different pulses were determined, faba bean and chickpea seeds were severely 
compromised by PSbMV infection.  This is cause for concern over the potential for rejection or 
downgrading of export consignments.  Kabuli chickpea seed coat darkening by PSbMV was an 
additional quality issue for exports as were markings on the seed itself after the seed coat was 
removed.  The extent of damage to field pea seeds varied widely between genotypes, while damage 
was less in lentil.  These findings suggest that a concerted effort is needed to clean up seed stocks of 
pulses from PSbMV infection.  With field pea breeding for resistance to PSbMV should also be 
undertaken. 
Project number:  GRDC DAW00042 
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Yield losses from sowing field pea seed infected with pea seed-borne mosaic 
virus 
Rohan Prince, Brenda Coutts and Roger Jones, Department of Agriculture, Western Australia and 
CLIMA, The University of Western Australia 
Key messages 
• A survey of commercial field pea seed stocks in early 2005 found levels of PSbMV infection 
ranging from 0.3-23 per cent. 
• In two field experiments in 2005, sowing plots with 6.5 per cent PSbMV-infected seed resulted 
in yield losses of 23-25 per cent. 
• In the same two field experiments, statistically significant yield losses resulted from sowing 
1.2-1.8 per cent infected seed but not seed with 0.3-0.9 per cent infection. 
• Seed should be tested for PSbMV before sowing.  Only sow seed with < 0.5 per cent infection. 
Background 
Pea seed-borne mosaic virus (PSbMV) causes a seed-borne and aphid-borne disease which reduces 
the yield of field pea and damages seed quality.  PSbMV symptoms in field pea are often mild and 
growers are confusing the symptoms caused by PSbMV with those of nutrient deficiency or herbicide 
damage, and as a result are under-estimating its economic impact.  In past surveys in WA, 
commercial seed stocks of field pea were found to be infected with PSbMV, e.g. with the cultivar 
Kaspa when commercial seed stocks were tested in early 2005 levels of PSbMV infection were 
0.3-23 per cent.  The seed-infected plants act as within-crop sources of PSbMV for spread to healthy 
plants by migrating aphids belonging to a range of species.  The consequences arising from sowing 
field pea seed with different levels of PSbMV infection are not known. 
Method 
In the 2005 growing season, field experiments with PSbMV and field pea cv. Kaspa were done at 
Avondale and Badgingarra Research Stations to provide yield loss information.  Plots were sown with 
seed stocks with 0.3 per cent or 6.5 per cent PSbMV infection.  PSbMV-infected faba bean plants 
were transplants into plots sown with 0.3 per cent infected seed at emergence so as to simulate 
0.6 per cent, 0.9 per cent, 1.2 per cent and 1.8 per cent seed infection.  Seed with no PSbMV infection 
was not available so a control treatment consisted of plots sown with 0.3 per cent infected seed that 
were sprayed with insecticide at emergence, 3, 7, 11 and 15 weeks.  Random leaf samples were 
taken from each plot fortnightly to determine PSbMV incidence and the samples tested by ELISA 
using PSbMV-specific antiserum.  All plots were harvested and yield assessed.  
Results 
In plots sown with 6.5 per cent infected seed, PSbMV spread quickly causing symptoms of plant 
stunting, leaf pallor, mild mottle of tip leaves and darkening and discoloration of older leaves.  There 
was noticeable stunting of plants surrounding introduced faba bean infector plants or pea plants with 
seed-borne infection.  Towards the end of the growing season, healthy plants or those with late 
season PSbMV infection had pods that were more mature and larger than those infected early.  Final 
infection incidence increased with the amount of initial seed-borne infection in the seed sown.  At both 
Avondale and Badgingarra, with plots sown with 6.5 per cent infected seed PSbMV infection reached 
98 per cent of plants compared with less than 10 per cent of plants in plots sown with 0.3 per cent 
infected seed, giving yield losses of 23-25 per cent (Figure 31and Figure 32).  At both sites, plots with 
0.3 per cent, 0.6 per cent or 0.9 per cent initial PSbMV infection had significantly greater yields 
statistically than those with 1.2 per cent, 1.8 per cent (yield losses of 15-18%) or 6.5 per cent initial 
infection.    
Conclusion 
This work shows that sowing PSbMV-infected seed of field pea can result in considerable loss in seed 
yield (up to 25% from sowing 6.5% infected seed).  Statistically significant yield losses occurred with 
initial PSbMV seed infection of > 1 per cent but not with < 1 per cent PSbMV seed infection.  As field  
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pea seed stocks of Kaspa and other cultivars are often infected with the virus, it is advisable to get a 
sample of seed tested before sowing so as to avoid the yield losses that arise from using seed with 
> 0.5 per cent PSbMV infection. 
Project number:  GRDC DAW0106 








































Figure 31. Effect of sowing PSbMV-infected seed on yield of field pea cv. Kaspa, Badgingarra. 
A = 0.3 per cent seed infection + Fastac and Confidor spray at emergence, 3, 7, and 11 weeks;  B = 0.3 per cent 
seed infection;  C = 0.6 per cent (0.3 per cent seed infection + 0.3 per cent simulated);  D = 0.9 per cent 
(0.3% seed infection + 0.6 per cent simulated);  E = 1.2 per cent (0.3% seed infection + 0.9% simulated);  
F = 1.8 per cent (0.3% seed infection + 1.5% simulated);  G = 6.5 per cent seed infection.  Bar = lsd. 
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Figure 32. Effect of sowing PSbMV-infected seed on yield of field pea cv. Kaspa, Avondale. 
A = 0.3 per cent seed infection + Fastac and Confidor spray at emergence, 3, 7, and 11 weeks;  B = 0.3 per cent 
seed infection;  C = 0.6 per cent (0.3% seed infection + 0.3% simulated);  D = 0.9 per cent (0.3% seed infection + 
0.6% simulated);  E = 1.2 per cent (0.3% seed infection + 0.9% simulated);  F = 1.8 per cent (0.3% seed infection 
+ 1.5% simulated);  G = 6.5 per cent seed infection.  Bar = lsd. 
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Desi chickpea 
Wayne Parker, Department of Agriculture, Western Australia 
2005 was a very positive year for desi chickpea.  Varieties showing the ascochyta tolerance necessary 
for growing chickpeas in WA have performed well in Crop Variety Testing (CVT) trials across the 
region.  Varieties including Genesis 510, Genesis 90, WACPE 2110 and WACPE 2111 all showed 
good tolerance.  
One negative for the season was site quality for chickpea CVT's.  Issues of salt, boron and water 
logging tolerance were contributing factors to trials performing below expectation this season.  
Genesis 836 received conditional release for WA growers.  The work of Martin Harries, Ivan Wilton 
and Juliet McDonald needs to be commended for enabling this to happen.  Martin assessed the 
variety with an eye on yield and ascochyta tolerance, Ivan ensured chickpea research continued in 
poor times and Juliet organised the bulkup of Genesis 836 seed in 2005.  Without their work it is 
unlikely that Genesis 836 would have been released in Australia.  Prior assessment had been 
conducted in Victoria where the variety was selected from a number of breeding lines from ICRISAT 
(the International Crops Research Institute for the Semi-Arid Tropics).  It will not be released in Victoria 
as it has not got the ascochyta blight tolerance required.  One condition on its release in WA is that 
seed of Genesis 836 can not be supplied to growers east of the State boarder.  There will be enough 
seed from the Genesis 836 bulkup in 2005 to seed at least 750 ha of desi chickpea in 2005.  
One variety that has been noted for its seed size and colour is the kabuli x desi Genesis 090.  It is still 
under a process of evaluation for WA growers, though it is to be released for Victorian growers.  It has 
performed well in 2005 but mostly the result of the long cool finish to the season.  A very late flowering 
variety, it requires a long finish to fill pods.  Indications are that yield of Genesis 090 in average to 
below average seasons may not be economical under WA conditions.  
2006 will see a number of the chickpea faithfuls dip their toes in the water to have another go, to 
herald the beginning of a new era in chickpea.  
 
Breeding highlights  
Tanveer Khan 1,2, Pooran Gaur3, Kadambot Siddique2, Heather Clarke2, Stuart Morgan1and Alan 
Harris1 
1Department of Agriculture, Western Australia 
2CLIMA, The University of Western Australia 
3International Crop Research Institute for Semi Arid Tropics (ICRISAT), India 
There have been significant changes in chickpea breeding in Western Australia over the past 
12 months.  The GRDC sponsored chickpea breeding program that has been in operation for over a 
decade finished on 31 December 2005.  It will be replaced by an arrangement to be managed by Crop 
Variety Testing that will oversee the evaluation of advanced lines from the National Program in WA. 
A new chickpea breeding program specifically targeting desi chickpea in WA started on 1 January 
2005.  The project is based at CLIMA and is partnership between DAWA, UWA, ICRISAT and 
COGGO.  ICRISAT is the foremost centre for desi chickpea breeding internationally and its vast 
infrastructure, genetic resources, laboratory facilities and human resources will greatly add value to 
this project.  Professor Kadambot Siddique is the Project Supervisor.  Dr Tanveer Khan (DAWA) and 
Dr Pooran Gaur (ICRISAT) are Principal Researchers.  The project also incorporates a special node 
for developing germplasm with enhanced chilling tolerance and early flowering.  The primary 
objectives of this project are to develop varieties with increased resistance to ascochyta blight, higher, 
grain yields and improved seed quality.  Other important objectives are combining early flowering with 
chilling tolerance to enhance adaptation in WA; also increasing plant height and reducing lodging.  
Resistance to botrytis grey mould will also be attempted.  Salinity and boron tolerant germplasm 
identified in a separate project will be used as parental lines in this breeding program. 
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In 2005, trials were located at Morawa, Dalwallinu, Merredin and Bolgart.  In addition, ascochyta blight 
screening was done at Medina.  The season had an excellent start with all experiments sown at 
optimum times.  The dry July, however, caused a reduction in dry matter especially at Dalwallinu and 
Merredin.  Multiple frosts occurred at Dalwallinu, Merredin and Bolgart.  Frosts were reflected in the 
yields generally under a ton at these sites whereas yields at Morawa were generally above 2 tons per 
ha. 
Three significant facts emerged from the ascochyta blight screening at Medina during 2005: 
1. It is most likely that it is pathotype 2 of ascochyta blight that is prevalent in WA.  This race is not 
pathogenic on ICC 3996 and ICC 12004 but can attack ILC 482. 
2. Our field screening results for ascochyta resistance correlate well with the screening done in 
growth chamber at ICRISAT. 
3. Our breeding material is progressively getting more resistant; in stage 21 trials (F4/F6 lines) 
59 per cent lines show moderate or greater resistance, in the stage 22 trial (F4/F7) this 
proportion rises to 91 per cent and in WA entries in the 2005 CVT almost all lines have a good 
degree of resistance. 
Over 90 fixed breeding lines developed in WA were tested in advanced breeding trials at four sites.  
Selected moderately resistant and resistant lines are presented in Table 51.  Most breeding lines 
yielded more than Sonali but this may be due to an unusually long growing season that may have 
favoured later flowering lines.  Thirteen lines showed resistance levels equal to or greater than 
Genesis 508 and three were more resistant than Genesis 508.  Forty lines had resistance levels 
greater than Genesis 836.  Of the most resistant lines 98047-2-12 and 98047-2-13 appear promising 
with good yields and average seed quality.  Lines 99104-WA1, 97020-1488, 98317-1015-WA8 and 
98047-2-14 also showed good combination of ascochyta resistance, yield and average to good quality 
seed.  Lines 98317-1032-WA13, 98239-1027-WA1, 98243-1049-WA3 and 98176-2-7 showed 
excellent yielding ability with good quality seed and ascochyta resistance comparable to Genesis 836.  
Line 98081-WA8 showed the above resistance level as well as bold seed with pale seed coat colour.  
Selections from this trial will enter the Crop Variety Testing in 2006. 
Project number:  CGO 3-2004 
 
Agribusiness Crop Updates 2006 
 
Crop Updates is a partnership between the Department of Agriculture, Western Australia and  
the Grains Research & Development Corporation 
100 
Table 51. Ascochyta blight score (0-9; 9 most susceptible), yield expressed as percentage of Sonali 
yield at Bolgart, Dalwallinu, Merredin and Morawa, 100 seed weight in g (100SW) and seed 




Bolgart Dalwallinu Merredin Morawa 100SW 
Seed 
colour 
98047-2-12 4.0 117 100 150 138 15.3 5.0 
98047-2-13 4.5 120 115 117 147 13.6 2.5 
98247-1027-WA10 4.5 84 102 77 136 12.1 3.0 
98238-WA7 5.0 127 116 141 141 15.0 9.0 
99104-WA1 5.0 114 97 150 136 17.0 4.0 
97020-1488 5.0 125 112 129 143 15.8 4.0 
98317-1015-WA8 5.0 114 124 117 137 15.6 3.0 
98342-WA11 5.0 120 97 118 135 13.0 3.0 
98241-1001-WA4 5.0 110 88 122 133 15.0 5.0 
98047-2-14 5.0 120 110 111 130 15.1 5.0 
98247-1027-WA14 5.0 99 109 114 154 12.6 3.5 
98119-1-5 5.0 104 103 109 139 13.3 5.0 
98238-WA9 5.0 98 95 112 138 15.0 5.0 
Genesis508 5.0 117 96 84 132 15.9 5.0 
98247-1022-WA1 5.3 125 108 155 137 16.1 5.0 
98317-1032-WA13 5.3 125 110 153 143 19.4 4.0 
98239-1027-WA1 5.3 136 113 142 143 18.4 4.5 
98238-4-2 5.3 119 107 147 137 12.5 4.5 
97020-1343 5.3 119 94 150 126 19.7 4.0 
97039-1415 5.3 109 112 149 141 15.5 4.5 
98243-1049-WA3 5.3 129 102 139 138 19.5 4.0 
97144-1118 5.3 118 110 137 140 15.8 4.5 
98176-2-7 5.3 117 121 138 151 16.5 2.5 
99262-WA10 5.3 105 112 143 147 15.4 4.5 
99133-WA2 5.3 122 103 134 130 18.0 5.0 
98238-1015-WA2 5.3 136 106 126 148 13.7 5.0 
98081-WA8 5.3 117 99 135 121 21.3 3.5 
98247-1019-WA3 5.3 105 116 132 151 15.3 5.0 
99112-WA1 5.3 106 101 131 139 15.0 5.0 
98119-6-13 5.3 117 108 124 137 13.5 5.0 
Genesis836 5.4 133 109 147 121 18.0 4.0 
Flip94-510C 5.4 120 107 127 128 16.8 4.5 
Flip94-509C 5.4 93 100 138 139 15.5 5.0 
Sonali 5.9 100 100 100 100 17.1 6.0 
Rupali 7.0 101 79 75 84 16.8 2.0 
Sona 7.5 122 93 139 94 17.5 4.0 
Sonali yield (kg/ha)  1004 948 671 1805   
Site mean yield 
(kg/ha) 
 1170 989 886 2438   
CV %  16.8 8.5 15.2 9.3   
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National chickpea improvement program  
Kerry Regan1, Ted Knights2 and Kristy Hobson3 
1Department of Agriculture, Western Australia 
2Agriculture New South Wales 
3Department of Primary Industries, Victoria 
A new national chickpea breeding program funded by GRDC will commence in January 2006.  The 
2005 season has provided a transitional year to implement some of the new management 
arrangements to allow the new program to commence effectively in 2006.  The involvement of DAWA 
in the Coordinated Improvement of Chickpeas in Australia (CICA) will be limited to the evaluation of 
approximately 80 elite desi chickpea lines at three locations annually, which will be managed through 
the DAWA Crop Variety Testing (CVT) Program.  The Department of Agriculture’s continued 
commitment to chickpea breeding will be through a research alliance with UWA (CLIMA), COGGO and 
ICRISAT to run a program focussed specifically on WA.  This project, separate to CICA, commenced 
in January 2005. 
The CICA Program is coordinated from Tamworth, New South Wales (NSW) with parallel desi and 
kabuli breeding streams in Horsham, Victoria (VIC) and Tamworth, NSW, and collaborators in South 
Australia (SA) and Western Australia (WA).  The major objective of the program is to fast track the 
development of regionally adapted desi and kabuli chickpea varieties.  The program aims to increase 
profitability through increased yield potential and stability, lower production costs and improved seed 
quality.  Breeding efforts will be focussed on resistance to disease, particularly ascochyta blight and 
phytophthora, but also root-lesion nematode, botrytis grey mould and virus), matching phenology to 
regional environments, tolerance to 'hostile' soil factors (salinity and boron), herbicide tolerance, and 
seed quality. 
In 2005, yield evaluation was undertaken at three sites in WA (Merredin, Morawa and Bolgart).  The 
season began well with ideal sowing opportunities, but wet conditions in June, dry conditions in July, 
and cool spring conditions provided a challenging season for chickpea production.  Merredin and 
Bolgart experienced frosts in September and October, which reduced and delayed pod development.  
Across sites, mean seed yield was 747 kg/ha (Table 52).  Sonali performed the best of the commercial 
varieties.  It produced greater yield than Howzat, Genesis 836 and Genesis 090 at Merredin and 
Morawa.  Many of the breeding lines produced significantly greater yield than the commercial 
varieties, which offers excellent prospects for future varieties.  Two breeding lines currently being 
commercialised by the CICA, FLIP94-509C and FLIP94-510C, show resistance to ascochyta blight 
and produced 25 and 22 per cent greater seed yield than Howzat on average across sites.  At Bolgart, 
the kabuli chickpea variety Genesis 090 outyielded the other varieties.  Genesis 090 is a small seeded 
kabuli (approx. 28 g/100 seeds), which has shown wide adaptation across southern Australia. 
Of the breeding lines, 98238-01V4040 produced the greatest seed yield on average across sites 
(Table 52).  This line also produced large seeds, 11 per cent larger than Howzat, and has extremely 
good ascochyta resistance (similar to FLIP94-508C).  The advanced breeding lines, denoted by their 
‘CICA’ number in these trials, are included in the NVT trials in 2005.  The lines CICA0510, CICA0505 
and CICA0509 performed the best across sites. 
The results from S3 and NVT trials will assist in the selection of the most promising breeding lines for 
promotion in 2006 and/or commercialisation. 
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Table 52. Seed yield1 (% Howzat) and mean seed weight (MSW, % Howzat) of the highest yielding 
chickpea varieties and breeding lines in CICA Program evaluation trials in WA 2005 




Genesis 836 (ICCV96836) 88 102 114 102 88 
Genesis 090 (FLIP94-090C) (kabuli) 93 106 102 101 149 
Howzat 100 100 100 100 100 
Sonali (WACPE2075) 108 96 163 121 88 
98238-01V4040 133 146 165 149 111 
98318-01V4048 123 154 144 142 96 
94-121*99V4006 139 128 151 139 79 
97-139B*30-99V4001-01N1050 136 113 157 134 75 
99011-1007 122 105 170 132 118 
CICA0510 (97-438C*98V4002-00V4042) 89 126 171 131 111 
97-139B*30-99V4001-01N1025 132 79 191 131 76 
98238-01V4050 115 136 135 130 94 
99038-1013 143 129 119 129 79 
00084-1151 130 118 138 128 80 
FLIP94-079C (kabuli) 123 126 132 127 117 
CICA0505 (97020-1259) 125 106 154 127 95 
00043-1022 104 142 125 126 90 
FLIP94-509C 122 99 159 125 83 
98238-1156 103 106 164 125 103 
99-450B-30-01V4002 109 133 123 124 95 
CICA0509 (97-438C*98V4002-00V4001) 111 103 161 124 130 
98341-01V4013 106 118 144 123 94 
97-438C*98V4002-00V4043 127 96 152 123 117 
FLIP94-510C 115 113 138 122 81 
CICA0507 (97-438B*98V4002-00V4009) 124 109 135 122 106 
99-450J-09-01V4004 103 107 148 120 104 
CICA0506 (97-132C*62-99V4003) 128 100 137 120 86 
CICA0514 (99071-1001) 112 126 116 119 92 
97-139B*30-99V4001-01N1029 138 80 150 119 83 
94-121*99V4004 126 105 129 119 89 
98343-1029 89 115 146 118 96 
98024-1001 130 114 113 118 96 
97037-1178-1001 117 108 127 117 79 
CICA0503 (97020-1147) 123 103 109 111 85 
CICA0512 (99004-1203) 87 93 136 106 98 
CICA0511 (98003-1002) 101 97 120 106 92 
CICA0508 (97-438C*98V4001-00V4046) 96 88 132 105 112 
CICA0504 (97020-1193) 106 94 118 105 104 
CICA0513 (99025-1004) 84 109 101 100 115 
CICA0502 (96026-1006) 93 116 80 98 92 
CICA0501 (96006-1003) 110 95 78 93 91 
Howzat (SY = kg/ha, MSW = g/100 seeds) 540 807 679 675 18.7 
Mean SY (kg/ha) and MSW (g/100 seeds) 567 848 826 - 18.0 
lsd 5% 172 291 238 - - 
CV% - 17 17 - - 
1 Seed yield analysed using REML statistical methods. 
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Chickpea breeding lines in CVT exhibit excellent ascochyta blight resistance 
Tanveer Khan1,2, Alan Harris1, Stuart Morgan1 and Kerry Regan1,2,  
1Department of Agriculture, Western Australia 
2CLIMA, The University of Western Australia 
Chickpea breeding lines and varieties in the 2005 Cultivar Variety Testing (CVT) trials were included in 
a separate trial to evaluate ascochyta resistance and seed yield in the absence of fungicide 
treatments.  Chickpea entries were sown in 5 row 10 m plots in a randomised block design with two 
replications at the Merredin Research Station.  The seed was sown without any seed dressing 
fungicide and did not receive any fungicide applications during the growing season.  Six weeks after 
sowing a small hand-sized sample of ascochyta infected chickpea stubble was placed in the middle of 
each plot.  Ascochyta blight developed uniformly across all replications and the differences in 
resistance were clearly visible by spring.  A disease nursery, with duplicate entries was also conducted 
at Medina. 
Seed yields showed consistent negative relationship with the level of infection (Table 53).  A number 
of new entries (WACPE2105, WACPE2101, WACPE2106 and WACPE2104) showed an excellent 
combination of ascochyta blight resistance, yield and quality (seed size).  Similar progress in 
ascochyta resistance improvement has been seen in advanced breeding lines in other chickpea trials 
in 2005, painting an optimistic scenario for controlling ascochyta blight using varietal resistance. 
Table 53. Seed yield (SY, kg/ha and %Sonali), 100 seed weight (100SW) and ascochyta blight score of 
chickpea breeding lines and varieties at Merredin and Medina 2005 
Variety/line SY %Sonali 
100 SW 
(g) 
Mean ascochyta blight score1 
Merredin Medina 
Early Late Early Late 
Flipper 342 82 11.9 6.5 6.3 6.8 6.5 
Genesis508 890 213 13.8 3.0 4.5 4.0 4.8 
Genesis836 989 237 17.0 5.5 3.5 6.3 5.3 
Genesis090 930 223 27.1 2.5 3.5 4.8 5.0 
Heera 131 31 18.3 7.0 8.5 8.0 8.0 
Howzat 346 83 19.5 6.0 7.0 6.5 6.5 
Rupali 435 104 13.3 6.0 5.5 6.5 6.8 
Sona 311 74 17.7 7.0 8.0 7.5 7.5 
Sonali 418 100 16.9 6.0 6.3 5.3 5.3 
Yorker 406 97 18.7 7.0 6.8 6.8 7.0 
Flip94-509C 1233 295 13.9 3.5 3.0 3.5 4.0 
WACPE2105 1167 280 19.8 4.0 4.5 3.3 4.5 
WACPE2101 1166 279 17.1 2.5 3.0 3.5 3.8 
WACPE2102 1149 275 16.8 3.5 4.0 4.0 4.8 
Flip94-510C 1110 266 14.0 3.0 3.0 3.0 4.5 
WACPE2111 1089 261 18.5 3.5 4.0 3.8 4.8 
WACPE2106 998 239 17.4 3.5 4.5 3.0 3.5 
WACPE2104 997 239 15.8 3.5 4.0 3.0 3.5 
WACPE2107 938 225 16.4 4.5 5.3 4.5 5.0 
WACPE2100 920 220 16.5 4.0 5.0 6.0 5.8 
WACPE2103 919 220 18.0 3.5 4.5 3.5 5.0 
WACPE2109 912 218 17.0 2.5 4.0 5.5 5.5 
WACPE2110 884 212 18.6 4.5 4.8 5.0 4.5 
WACPE2108 846 203 16.8 3.5 5.3 5.0 5.5 
Site mean 868       
CV (%) 20       
1 Disease score:  Where 1 = no disease to 9 = dead. 
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Variety evaluation 
Kerry Regan1,2, Tanveer Khan1,2, Jenny Garlinge2 and Rod Hunter2 
1CLIMA, The University of Western Australia 
2Department of Agriculture, Western Australia 
Crop variety testing Stage 4 (S4) trials were conducted at seven sites in 2005.  Two sites suffered 
from frost, which reduced yields at Mukinbudin (mean = 324 kg/ha) and resulted in a variable trial at 
Merredin (CV% = 38).  These trial results have not been presented.  Evaluation included seven desi 
varieties, Genesis 090 (kabuli-type) and 15 promising breeding lines (Table 54).  Seasonal conditions 
were variable in 2005 with ideal sowing conditions, but some sites experienced transient waterlogging 
in June, dry conditions in July and frost, particularly Mukinbudin and Merredin, in September.  Trials 
received the current recommended fungicide management package for ascochyta blight.  
On average, across all sites, Howzat and Sonali ranked the highest for yields of the named varieties 
(Table 54).  Sonali, released for its partial resistance to ascochyta blight and chilling tolerance, 
performed best at Morawa and Mingenew.  Genesis 836, which was released in WA during 2005, 
produced 5 per cent less yield on average across sites compared to Sonali.  The lines FLIP94-509C 
and FLIP94-510C, which exhibit improved ascochyta resistance compared to Sonali, Rupali and 
Genesis 836, are being commercialised through the national chickpea breeding program.  The line 
FLIP94-510C performed well in this series of trials and has shown good potential in previous years.  
Other lines showing good ascochyta resistance and promising yields include WACPE2101and 
98318-3007.  














Sonali  2390 947 3025 1317 1130 1762 (5) 
Flipper  91 52 80 100 112 87 (5) 
Genesis 0902  73 55 69 78 94 74 (5) 
Genesis 508  101 49 81 95 94 84 (5) 
Genesis 836  93 75 84 109 113 95 (5) 
Howzat  101 77 90 115 120 101 (5) 
Rupali  82 67 67 89 101 81 (5) 
Yorker  80 84 80 92 95 86 (5) 
WACPE2101  95 96 102 103 105 100 (5) 
FLIP94-510C  117 61 85 109 121 99 (5) 
98318-3007  99 78 86 107 114 97 (5) 
WACPE2111  - 85 - - 109 97 (2) 
FLIP94-509C  107 61 90 94 130 96 (5) 
WACPE2100  - 71 - - 115 93 (2) 
WACPE2110  92 83 79 109 111 95 (5) 
WACPE2109  - 66 - - 113 90 (2) 
WACPE2108  - 61 - - 113 87 (2) 
WACPE2106  - 85 - - - 85 (1) 
WACPE2104  - 85 - - - 85 (1) 
WACPE2107  - 85 - - - 85 (1) 
WACPE2103  - 83 - - - 83 (1) 
WACPE2105  - 75 - - - 75 (1) 
WACPE2102  - 65 - - - 65 (1) 
Site means  2271 709 2577 1318 1230 1621 
lsd 5% 195 120 110 106 109  
CV % 7 15 4 7 8  
1 Means are adjusted.  Yields presented are from preliminary data analysis.  (N)  Number of sites. 
2 Kabuli-type variety. 
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Desi chickpea varieties for the wheatbelt 
Wayne Parker and Ian Pritchard, Department of Agriculture, Western Australia 
Since the arrival of ascochyta blight in 1999, the face of the West Australian and Australian chickpea 
industry changed forever.  The introduction of chickpea ascochyta blight saw the chickpea industry 
stall at a peak of 70,000 hectares in the late nineties and fall to less than 5,000 hectares in the present 
day.  Prior to 1999, chickpea varieties were released with little or no resistance to ascochyta blight 
such that if these varieties are grown today, regardless of the management package, high yield 
penalties occur.  Ascochyta blight and the subsequent cost of fungicide control has become a major 
hurdle to the large scale re-adoption of chickpea. 
Since 1999 chickpea breeders have refocused on releasing varieties with increased levels of 
resistance to ascochyta blight.  In the years immediately following the outbreak, 1999-2005, all 
varieties have intermediate resistance, the more recent releases being moderately resistant or even 
resistant, but none are immune.  The level of resistance found in these varieties, i.e. Sonali, is such 
that a fungicide management package is necessary to achieve maximum yield.  In the future chickpea 
breeders will release varieties with higher levels of resistance thus decreasing the reliance on the 
fungicide management package.  
Desi chickpea are currently only recommended for medium and low rainfall zones because there is 
high potential for epidemic development of Ascochyta in the high rainfall zones. 
Table 55. Yields from the 2005 season and ascochyta ratings of varieties released since 2000.  Includes 
two breeding lines with potential for naming and release 





Sowing date  24 May 25 May 25 May 27 May 23 May   
Rainfall May-Oct. 313 263 320 261 231   
 Jan-Dec. 361 312 362 297 282   
Howzat   2.41 0.73 2.72 1.51 1.36 1.78 S 
Yorker   1.91 0.80 2.42 1.21 1.07 1.51 MS 
Flipper   2.17 0.49 2.42 1.32 1.27 1.53 MS 
Rupali   1.96 0.63 2.03 1.17 1.14 1.42 MR-MS 
Sonali   2.39 0.95 3.02 1.32 1.13 1.76 MR-MS 
Genesis 0901   1.74 0.52 2.09 1.03 1.06 1.30 MR 
Genesis 836   2.22 0.71 2.54 1.44 1.28 1.67 MR 
Genesis 509   2.56 0.58 2.72 1.24 1.47 1.69 R 
Genesis 510   2.80 0.58 2.57 1.44 1.37 1.74 R 
WACPE21112   0.80   1.23 1.71 R 
WACPE21012  2.27 0.91 3.09 1.36 1.19 1.76 R 
Site mean  2.27 0.71 2.58 1.32 1.23 1.62  
1 Genesis 090 has a kabuli seed type. 
2 Introduced breeding lines. 
S Susceptible, MS - moderately susceptible, MR-MS moderately resistant moderately susceptible, 
MR - moderately resistant, R - resistant. 
Susceptible and Moderately Susceptible (S and MS) 
Varieties require fungicide spraying at three weekly intervals.  Varieties with an ascochyta rating MS 
and S cannot be economically grown under WA conditions.  The fungicide package requires sprays at 
three weekly intervals to suppress the disease.  S-MS varieties will not produce grain without the 
continued fungicide applications if infection develops in the crop.  The potential yield of these varieties, 
under rainfed conditions in WA soils, is not high enough to pay for 3 weekly fungicide applications.  
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Moderately Susceptible–Moderately Resistant (MS–MR) 
Three fungicide applications need to be budgeted, one at 4 weeks after emergence, another 7 weeks 
after emergence.  More applications will be necessary at flowering or podding if disease becomes 
evident in the crop.  Applications of fungicide will be dependant on the level of disease and the 
number of expected rainfall events 
Moderately Resistant (MR) 
Require two fungicide applications.  The first application should be 4 weeks after emergence; the 
timing of the second application will depend on the level of disease at flowering and podding.  If 10 per 
cent of plants are infected and rainfall is expected during podding then a second spray will be 
necessary.  
Resistant (R) 
Insufficient data is available for R rated varieties to determine the number and most effective timing of 
fungicide sprays for these varieties in the target environments.  Testing of these lines continues to 
refine fungicide recommendations. 
 
Large scale demonstration of new chickpea varieties 
Wayne Parker, Murray Blyth, Steve Cosh, Dirranie Kirby and Chris Matthews, Department of 
Agriculture, Western Australia 
Background 
The season of 1999 saw the arrival of ascochyta blight and the decline of the chickpea industry.  Since 
then breeders have developed new varieties with improved disease resistance, which has renewed 
interest in the production of chickpeas.  For the new varieties to be adopted, growers need to be 
confident that they offer adequate ascochyta resistance and profitable yields.  To demonstrate the 
advantages of the new varieties, large scale field trials were undertaken at three sites.  The field trials 
were managed to reflect current grower practice and disease management recommendations. 
Aims 
• To evaluate the yield and ascochyta blight resistance of desi chickpea varieties in large scale 
demonstration plots.  
• To demonstrate the current ascochyta management packages recommended for new chickpea 
varieties.  
Method 
A small plot seeder was used to sow each of the trials.  To achieve a larger plot the cone seeder made 
four passes, wheel on tine, with the same variety.  Plot size was 5 x 50 m at Mullewa and Dalwallinu, 
5 x 40 m at Mingenew. 
The sowing rate used aimed for optimal plant density of 40 plants/m2 for Sonali, Rupali, Genesis 836, 
Genesis 508 and Genesis 510.  For Genesis 090 the aim was to achieve 35 plants/m2. 
All sites had timed fungicide applications. 1.5 L/ha of Bravo was applied four weeks after emergence 
and at podding across all varieties.  Sonali, Rupali and Genesis 836 had an additional application at 
7 weeks after emergence.  
Results 
At Mullewa the short season varieties, Sonali and Rupali, had a high level of pods that had not filled at 
the time of harvest as seed had aborted after pod formation.  Disease was very difficult to find in the 
plots at the Mingenew trial and there was negligible pod infection on Rupali, Sonali and Genesis 
836 in early October.  Emergence was poor for all varieties at Dalwallinu.  Bird damage further 
decreased the plant density in a number of plots.  
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Table 56. Seed yield (SY, t/ha) and plant establishment (plants/m2) of chickpea varieties at Mullewa, 
Mingenew and Dalwallinu 2005 
Variety 
Mullewa Mingenew Dalwallinu Mean 
Plants/m2 SY Plants/m2 SY Plants/m2 SY Plants/m2 SY 
Sonali 33 0.49 44 3.02 17 0.99 31 1.50 
Rupali 35 0.54 50 1.99 23 0.72 36 1.08 
Genesis 836 37 0.95 44 2.07 17 0.98 33 1.33 
Genesis 090 19 0.96 28 2.01 12 0.72 20 1.23 
Genesis 508 29 0.99   23 0.72 33 1.34 
Genesis 510   48 2.3     
Mean 31 0.79 43 2.28 18 0.83   
lsd  0.1  0.14  0.13   
Discussion 
Sonali and Rupali have not yielded well at Mullewa and Dalwallinu where ascochyta infection was 
prevalent.  The three applications of fungicide were not adequate to manage the disease.  
Genesis 510 yielded well at Mingenew.  This is to be the next variety to be released.  It has excellent 
ascochyta blight resistance and will require fewer fungicide treatments.  The assessment to date 
suggests that only one fungicide application will be necessary.  However, further evaluation is required 
in WA.  
Genesis 836 has performed reliably across all sites.  It requires at least two fungicide applications, at 
four weeks after emergence and at podding.  It was released in October 2005 and seed is available 
through Coorow Seeds. 
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Ascochyta management with new chickpeas 
Martin Harries, Bill MacLeod, Murray Blyth and Jo Walker, Department of Agriculture, Western 
Australia 
Background 
Ascochyta Blight is a major impediment to chickpea production in Western Australia.  New germplasm 
with better resistance to this disease is now commercially available and varietal and regionally specific 
guidelines for fungicide application are required. 
Method 
The trial was sown on 18 May into a red loam 5 km south of Mingenew.  Three varieties with known 
differences in Ascochyta resistance were included, Howzat, Genesis 836 and Flip 94-510c.  Two times 
of inoculation were used to demonstrate that there will be a real difference in the number and timing of 
fungicide sprays recommended when introduction of Ascochyta is delayed.  The two dates of 
inoculation span the range of dates that the major release of Ascochyta spores could be expected at 
Mingenew, given widely differing seasonal autumn and early winter conditions.  Half of the trial was 
inoculated with diseased stubble on 7 June while the remainder of the trial was inoculated on 29 July.  
Fungicide spraying commenced after the first inoculation. 
Five fungicide spray regimes were tested including a ‘Nil’ unsprayed control to demonstrate the 
intrinsic resistance of each variety to Ascochyta and a ‘Control’ which received fortnightly fungicide 
applications to measure potential yield of each variety.  The remaining treatments were; ‘Early’ a 
single early spray 4 weeks after emergence (1.5 L/ha Bravo on 22 June); ‘Late’ a single spray at  
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podding (1.5 L/ha Bravo on 2 September); and ‘Early and Late’ both sprays as above at 4 weeks after 
emergence and podding.  Disease was scored using an international rating scale.  Healthy disease 
free plots scored as 0 complete plant death scored as 9.  Due to variation within plots two scores were 
given at opposite ends of the plot and averaged.  All plots had lupin buffers between each other to 
reduce cross contamination. 
Results 
Establishment:  Plant densities were lower than the targeted density of 45 plants per square metre and 
differed between varieties (Howzat, 37.9 plants per square metre:  Genesis 836, 43.8; FLIP 94-510c, 
40.8; lsd 2.44***).  Although the achieved densities were lower than the target density, we do not 
expect that this will have reduced the yield potential of any variety under the mild seasonal conditions 
experienced. 
Initial Ascochyta ratings 29 July (Table 57).  There was more disease in Howzat than the other two 
varieties at this assessment (Figure 33 and Figure 34).  Early inoculated plots had more disease than 
late, as expected considering that late inoculation was introduced at this time.  However, there was 
some infection recorded in the late inoculation plots indicating that there was some cross 
contamination.  Fortnightly control had a lower level of Ascochyta than all other regimes.  The one 
early spray and one early plus one late spray treatments were effectively the same at this time, 
because the late spray had not been applied.  These treatments had significantly lower Ascochyta 
than the one spray late and nil treatments, which were also effectively the same at this time.  There 
was an interaction between inoculation time and variety.  Both Howzat and Genesis 836 had 
significantly higher Ascochyta under early infection compared to late, Flip-510c did not.  An interaction 
between spray regime and variety also occurred.  With one early fungicide application Howzat had 
more Ascochyta than both Genesis 836 and FLIP 94-510c.  Ratings of the two treatments that were 
unsprayed at this time, Nil and late spray only, differed slightly.  Under the one late spray treatment 
FLIP 94-510c had significantly lower Ascochyta than the other two varieties however; in the nil 
treatment Genesis 836 rating was not significantly different from FLIP 94-510c. 
Final Ascochyta ratings 17 October (Table 57 and Figure 35):  Ascochyta differed between varieties, 
Howzat highest and FLIP 94-510c lowest.  Spray regime affected disease with the control suppressing 
Ascochyta compared to all other spray treatments.  The two spray regime reduced Ascochyta 
compared to either of the one spray treatments and the Nil.  Early inoculation treatments carried 
significantly higher Ascochyta than late infected treatments.  There was an interaction between spray 
regime and variety.  Howzat was most responsive to spray regime.  The control and Nil were 
significantly different to other spray regimes, lower and higher respectively.  Regardless of whether 
Howzat was sprayed with one early, one late or two fungicides Ascochyta still developed to scores of 
4.5 to 4.9 (lsd *0.57).  Genesis 836 ratings for the control, early spray and two spray regimes were all 
statistically the same.  The late spray only and nil treatments had higher levels of Ascochyta than the 
other spray regimes.  Flip 94-510c was the least responsive variety to spray regime.  All spray regimes 
had similar disease ratings.  Howzat and Genesis 836 had more disease when inoculated early, 
Flip 94-510c did not.  Averaged across varieties all spray regimes apart from the control had 
significantly higher Ascochyta ratings with early inoculation.  The difference between the final 
Ascochyta scores of early and late inoculations for Howzat, Genesis 836 and FLIP 94-510c were 1.9, 
0.6 and 0.1 respectively.  This shows that the more susceptible the variety the greater the benefit from 
delaying the onset of disease.  Conversely more resistant varieties will be more forgiving should farm 
hygiene be less than ideal. 
Yield (Table 57 and Figure 36):  The potential yields of the three varieties, under the frequent fungicide 
spray program, were similar.  Howzat 2.46 t/ha, Genesis 836 2.21 t/ha and FLIP 94-510c 2.37.Howzat 
suffered the greatest yield loss when Ascochyta was not controlled with fortnightly fungicide sprays.  In 
contrast, FLIP 94-510c produced similar yields to the potential yield treatment under any one or two 
fungicide spray regime, however, yield was lower in both early and late inoculated treatments when no 
fungicide was applied.  Genesis 836 suffered yield loss when no fungicide was applied and in most 
instances when only one fungicide spray was applied.  
Inoculation time averaged across all other treatments affected yield with early inoculation yielding 
1.69 t/ha compared to 1.93 t/ha with late inoculation.  Early inoculation averaged across spray regime 
had a greater impact on the yield of the more susceptible varieties than late inoculation.  Howzat yield 
was significantly reduced when inoculated early compared to inoculated late, 0.96 and 1.42 t/ha.   
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Genesis 836 had a yield decrease from 2.36 to 2.04 t/ha with early inoculation compared to late.  FLIP 
94-510c yield remained stable, 2.36 and 2.30 t/ha across inoculation times.  This is consistent with 
Ascochyta ratings. 
Summary  
Yield losses of Howzat were very high unless the plants were protected fortnightly with fungicides.  
This was most obvious with early inoculation.  Howzat plots not sprayed with fungicide after early 
inoculation yielded only 13 per cent of plants given fortnightly fungicides (Table 57 and Figure 34).  
Even when Howzat was subjected to lower disease pressure, by later inoculation, yields were low 
when left unsprayed, 27 per cent of the frequently sprayed control.  Severe Ascochyta damage was 
observed in unsprayed Howzat plots as shown by Ascochyta ratings (Table 57 and Figure 33). 
Yield and Ascochyta resistance of Genesis 836 was impressive, however, under severe pressure, with 
early infection and no or only one late fungicide application, yields declined to 56 per cent and 83 per 
cent of the frequently sprayed control respectively.  At the end of the season approximately 10 per 
cent of plants in this high disease situation had minor stem infection and some pod infection.  As well 
as yield reduction this level of disease would pose an increased risk of seed born infection, if the seed 
was sown.  Under lower disease pressure in the late inoculation plots Ascochyta infection was still 
detected and the yield of the unsprayed treatment was 74 per cent of the frequently sprayed control. 
FLIP 94-510c maintained lower Ascochyta disease ratings than Genesis 836 in the high disease 
pressure, early inoculation plots.  There was only a small reduction in Ascochyta disease severity due 
to the fungicide spray regime regardless of inoculation time (Table 57 and Figure 34).  Disease 
severity was approximately doubled in unsprayed plots compared to frequently sprayed plots, 
although the Ascochyta severity of all plots of this variety were low (Table 57 and Figure 33).  Yields 
were similar to control in all treatments of this variety except those left unsprayed (Table 57). 
Conclusion 
This experiment demonstrated that if low levels of disease are introduced early they do have a 
significant effect on yield of all chickpea varieties, even the most resistant available, in the absence of 
an appropriate fungicide spray program. 
Each variety tested requires a different fungicide management strategy.  Moderately susceptible 
varieties such as Howzat must have frequent fungicide applications.  
Intermediate to moderately resistant varieties such as Genesis 836 must have two applications, 
including a prophylactic application 4 weeks after emergence, to reduce risk of yield loss and disease 
build-up in seed.  
Resistant varieties similar to FLIP 94-510c may only require one fungicide application to give 
adequate control of Ascochyta at Mingenew.  Further trials will be needed to ascertain if the 
prophylactic early fungicide application, four weeks after emergence, can be replaced by fungicide 
application at the first appearance of Ascochyta.  
Moderately susceptible and intermediate varieties must have an early fungicide application 4 weeks 
after emergence.  This minimises the build up of disease in the crop which can transfer to seed and 
stubble.  Infection in both seed and stubble will provide a higher disease pressure on subsequent 
chickpea crops and, therefore, a higher cost of producing those crops.  Resistant varieties need 
further evaluation but it may be possible to spray at the first appearance of Ascochyta, provided that 
the disease is identified promptly.  It is also likely that cheaper, less effective, fungicides will provide 
adequate control of Ascochyta.  Growers could be much more confident of profitable chickpea 
production if Ascochyta could be effectively managed with a wider range of fungicides and without the 
requirement for prophylactic fungicide applications. 
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Figure 33. Ascochyta infection of Howzat with early infection and no fungicide application on 29 July. 
 































































































































Figure 35. The effect of variety, inoculation time 
and spray regime on final Ascochyta 
ratings. 
Figure 36. The effect of variety, inoculation time 
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Table 57. Ascochyta ratings and yield (kg/ha) 
Variety Spray regime 
Inoculation 
time 




4.33 6.33 0.627 25 
Late 5.67 5.67 0.671 206 
Early & Late 4.33 5.00 0.671 206 
Control 1.67 1.50 2.509 772 
Nil 6.00 7.00 0.325 100 
FLIP 94-510c 
Early 0.67 1.50 2.639 107 
Late 1.00 1.67 2.336 95 
Early & Late 0.50 1.50 2.686 109 
Control 0.33 1.00 2.466 100 
Nil 1.00 2.00 1.687 68 
ICCV 836 
Early 1.00 2.00 1.86 90 
Late 4.00 3.17 1.731 83 
Early & Late 1.00 2.17 1.86 90 
Control 0.33 1.50 2.077 100 




1.00 3.50 1.291 53 
Late 1.33 3.83 1.55 64 
Early & Late 1.00 3.83 1.385 57 
Control 1.00 1.00 2.423 100 
Nil 2.67 3.75 0.464 19 
FLIP 94-510c 
Early 1.00 1.50 2.466 109 
Late 0.67 1.83 2.401 106 
Early & Late 0.00 1.33 2.661 117 
Control 0.33 1.17 2.272 100 
Nil 1.00 1.25 1.745 77 
ICCV 836 
Early 0.33 1.67 1.947 83 
Late 1.00 1.83 2.012 86 
Early & Late 0.00 1.83 2.185 94 
Control 0.00 1.00 2.336 100 
Nil 1.00 1.83 1.731 74 
lsd Variety 0.45*** 0.26*** 0.23***   
lsd Spray regime 0.57*** 0.33*** 0.30***   
lsd Inoculation time 0.36*** 0.21*** 0.19**   
lsd Variety x spray regime 0.10*** 0.57*** 0.52***   
lsd Variety x inoculation time 0.63* 0.36*** 0.33*   
lsd Spray regime x inoculation time 0.81* 0.47** 0.42*   
lsd Variety x spray regime x inoculation time 1.41* 0.81* 0.73*   
+ International Ascochyta rating scale 0 = no disease 9 = all plants dead. 
*** = p < 0.001; * = p < 0.05;  ns = not significant. 
Agribusiness Crop Updates 2006 
 
Crop Updates is a partnership between the Department of Agriculture, Western Australia and  
the Grains Research & Development Corporation 
112 
Management of ascochyta blight in improved chickpea varieties 
Bill MacLeod1, Colin Hanbury2, Pip Payne1, Martin Harries1, Murray Blyth1, Tanveer Khan1,2, 
Kadambot Siddique2 
1Department of Agriculture, Western Australia 
2CLIMA, The University of Western Australia 
Immediately after the outbreak of ascochyta blight of chickpea in WA in 1999?, field experiments were 
conducted to produce a fungicide management package for the susceptible chickpea cultivars that 
were grown at the time.  In recent years we have been working to develop cheaper, but robust, 
Ascochyta management packages which require fewer fungicide sprays than previously 
recommended.  These have been made possible through the development of more resistant varieties 
through Australian chickpea breeding programs. 
In parallel with fungicide management research, epidemiology research has also been progressing to 
ensure that recommended fungicide timings will be protecting the crop from wind-borne spores as well 
as seed-borne sources.  This data has been used to validate the ‘Chickpea Blight Appraisal’ model, 
which will provide growers with a prediction of when ascospore showers are likely to occur.  This will 
enable time of sowing and fungicide spray applications to be optimised to reduce the risk of yield 
limiting levels of ascochyta blight.  
During 2005 trials were established to examine fungicide management of ascochyta in new 
moderately resistant kabuli and desi chickpea varieties.  These trials continue and expand on a series 
of trials run during 2000 to 2004.  The dry conditions experienced during July 2005, and the improved 
resistance of the varieties used, limited the build-up of ascochyta in these trials.  All plots trials were 
inoculated with infected trash recovered from an infected paddock at the end of 2004.  As in previous 
years, 2 pieces of infected stubble were placed at predetermined locations in each plot (equivalent to 
a seed transmission rate of about 0.1%), but in 2005 a few plants of the susceptible variety Sona were 
sown adjacent to the stubble to both indicate that the inoculation was successful and to increase the 
duration and strength of the inoculum source. 
The four trials in 2005 compared the yield under several disease control programs of improved desi 
and kabuli chickpea varieties only.  The susceptible varieties such as Sona or Kaniva were not 
included because, without frequent fungicide sprays, these varieties become heavily infected and act 
as an on-going source of disease within the trial.  
Kabuli chickpea trials 
Kabuli trials were established at 2 high rainfall sites, Northam (Centre for Cropping Systems; H3/M3) 
and Greenough River flats about 25 km north of Dongara (H1).  The sowing date and fungicide 
application rates and dates are given in Table 58.  All seed was treated with P-Pickel-T. 
The two varieties included in these trials (Nalfice and Almaz) were released by CLIMA in 2005 
following development through international collaborative projects.  Both are moderately resistant 
(MR) for ascochyta blight and produce bold, bright seed.  These varieties were previously assessed in 
replicated management trials in 2004, the yields from both 2004 and 2005 are shown in Table 58. 
As these varieties are moderately resistant to Ascochyta blight, a 3 weekly fungicide spray program 
was not necessary to estimate potential yield.  The experiments in 2004 established that no more than 
2 fungicide sprays of chlorothalonil (Bravo®) would be required to achieve effective control in these 
varieties.  However, a 4 spray program with an early spray 4 weeks after emergence was included to 
estimate potential yield for each site (dates and details in Table 58).  It was not considered necessary 
to evaluate fungicide spray programs of mancozeb or 3 sprays of chlorothalonil in 2005, these 
programs were evaluated in 2004 and were shown to not be economically efficient.   
The most conspicuous result from these four kabuli chickpea trials is the very good yields achieved at 
Dongara during both years.  The yields were much lower at Beverley and Northam in both years in 
spite of taking advantage of an early sowing opportunity in 2005.  There were no yield differences 
between the fungicide programs during 2004 nor at Northam in 2005.  However, the trial at Dongara in 
2005 shows that yield loss will occur when no fungicide is applied.   
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For moderately resistant kabuli varieties we will continue to recommend 2 fungicide sprays be applied.  
The first spray at 4 weeks after emergence to prevent the development of Ascochyta blight from seed 
or airborne spores.  A second spray should then be applied after flowering to protect grain yield and 
quality if ascochyta is evident in the crop. 
Table 58. Yield of kabuli chickpea varieties in response to six fungicide (Bravo; 720 g/L chlorothalonil) 
application regimes for experiments conducted in the northern and central high rainfall zones 
in 2004 and 2005 
Treatment 













Variety     
Nafice (Flip97-503) 2.56 2.54  0.60 
Almaz (Flip97-530) 2.57 2.64 0.71 0.74 
Flip97-537D   1.06  
lsd 5% NS (0.05) NS (0.38) 0.68 NS (0.34) 
Fungicide programs     
Potential yield (all sprays) 2.63 2.69 0.95 0.62 
2 sprays (1 & 2 Bravo) 2.52 2.55 0.88 0.63 
2 sprays (1 & 3 Bravo) 2.57 2.58 0.96 0.67 
2 sprays (1 & 4 Bravo) 2.57 2.63 0.82 0.69 
1 Spray (Spray 1 only)  2.60  0.74 
0 Sprays (Nil)  2.49  0.65 
lsd 5% NS (0.23) 0.12 NS (0.27) NS (0.16) 
Dates and details of sowing and foliar fungicide applications.  
Spray timing 
Dongara 2005 Northam 2005 
Sown − 25 May Sown – 9 May 
4 weeks PE 29 June − 1.5 L/ha Bravo 20 June − 1.5 L/ha Bravo  
7 weeks PE 18 July – 1.0 L/ha Bravo 5 July − 1.5 L/ha Bravo  
Flowering 9 August − 1.5 L/ha Bravo 5 September − 1.5 L/ha Bravo 
Podding 13 September - 1.5 L/ha Bravo 5 October − 1.5 L/ha Bravo 
Desi chickpea trials 
Trials were also conducted to further evaluate recently released, and soon to be released, improved 
desi chickpea varieties, at 2 medium rainfall sites; Merredin Research Station (L3) and Mingenew 
(M1).  The sowing date and fungicide application rates and dates are given in Table 59, the fourth 
fungicide spray at podding was not applied at Merredin as dry conditions rendered it unnecessary.  As 
with the kabuli trials, all seed was treated with P-Pickel-T and the disease inoculation equivalent to a 
seed transmission rate of about 0.1 per cent was used. 
The disease levels in these two trials were comparable with the levels which developed in similar trials 
conducted in 2004.  Again disease levels were prevented from developing to the maximum that could 
be expected for these environments by the dry conditions experienced in July 2005.  Nonetheless, 
Genesis 508 (in 2004 experiments as Flip94-508C) and Genesis 836 were demonstrated to be more 
resistant to ascochyta blight than Sonali.  As in 2004 experiments, Genesis 508 was shown to be less 
well adapted than Sonali, to the low rainfall, short season environment at Merredin. 
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It was evident in Sonali at Mingenew in 2004 that a 3 fungicide spray program was required to 
maximise yield in the presence of Ascochyta.  A three fungicide spray program was not included in 
these experiments and consequently yield losses of up to one tonne were observed in Sonali with two 
fungicide spray programs at Mingenew.    
At both Mingenew and Merredin a secondary trial was conducted with Genesis 508 alone, as this is 
the most resistance desi variety available.  In neither of these secondary trials, nor in the main trials 
was there a statistically significant yield penalty in either of the Genesis varieties where only a single 
fungicide spray, or even no fungicide spray, was applied.  
The results from these trials suggest a modification to the previously recommended fungicide 
packages for management of Ascochyta in desi chickpea.  In the medium rainfall northern region, a 
three fungicide spray package needs to be budgeted for varieties with intermediate resistance 
(e.g. Sonali), i.e. two fungicide sprays, approximately 4 weeks and 7 weeks after emergence, plus a 
subsequent spray at flowering if Ascochyta is evident in the crop.  For varieties with moderate 
resistance (e.g. Genesis 836) in the same environment a two fungicide package needs to be 
budgeted, i.e. one fungicide spray approximately 4 weeks after emergence, plus a subsequent spray 
at flowering if Ascochyta is evident in the crop.  In the low rainfall central region an early fungicide 
spray (4 weeks after emergence) is recommended for all chickpea varieties, however, the necessity of 
subsequent sprays is not clear.  In the experiments reported here it would appear that subsequent 
sprays are not required for varieties with either intermediate or moderate resistance.  However, high 
levels of Ascochyta did develop in varieties with intermediate resistance in a chickpea variety trial at 
Merredin Research Station in 2005 to which more than one fungicide spray had been applied.  
Table 59. Yield of 3 desi chickpea varieties in response to fungicide (chlorothalonil)  application 






Sonali G-836A G-508 A Sonali G-836 A G-508 A 
Potential yield (all sprays) 2.58 2.28 2.37 0.84 0.75 0.63 
2 sprays (1 & 2 Bravo) 1.58 2.14 2.14 0.93 0.86 0.57 
2 sprays (1 & 3 Bravo) 1.77 2.16 2.18 0.80 0.83 0.67 
2 sprays (1 & 4 Bravo) 1.80 2.20 2.15    
1 Spray (1 only Bravo) 1.15 2.02 1.84 0.87 0.80 0.55 
1 Spray (1 only mancozeb)   2.10B   0.61 B 
0 Sprays (Nil)   2.16 B   0.58 B 
lsd 5% 0.51 0.18 
Variety mean 1.77 2.16 2.14 0.86 0.81 0.59 
Dates and details of sowing and foliar fungicide applications. 
Spray timing 
Mingenew Merredin 
Sown − 26 May Sown – 30 May 
4 weeks PE 28 June (5 JulyB), 1.5 L/ha Bravo or 2 kg 
mancozeb 
7 July, 1.5 L/ha Bravo or 2 kg mancozeb 
7 Weeks PE 18 July, 1.0 L/ha Bravo  29 July, 1.0 L/ha Bravo 
Flowering 9 August, 1.5 L/ha Bravo  28 September, 1.5 L/ha Bravo 
Podding 31 August (13 SeptemberB), 1.5 L/ha Bravo Not applied 
A G-836 = Genesis 836; G-508 = Genesis 508. 
B Data from adjacent but separate trial incorporated using common treatments for comparison. 
To achieve the greatest profit from chickpea over a number of seasons, we believe that an initial 
fungicide spray at 4 weeks after sowing is required for all varieties.  This spray will minimise spread 
from seed-borne infection and minimise infection by air-bone spores.  Maintaining low disease this 
year will minimise the disease pressure on subsequent crops and therefore the need to for more than  
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one fungicide spray in future crops.  Additionally, for the cheapest fungicide management program, 
growers of both kabuli and desi chickpea must also observe other aspects of the chickpea 
establishment package.  That is, selecting a paddock that is remote from where chickpeas were grown 
the previous year (both on their own and their neighbour’s properties) and which has not grown 
chickpeas for at least 3 years, then sowing during the recommended time determined by yield and 
disease risk considerations.  
Project number:  DAW00106 
 
Botrytis grey mould of chickpea 
Bill MacLeod, Department of Agriculture, Western Australia 
Botrytis Grey Mould (BGM) of chickpea is caused by Botrytis cinerea.  It becomes apparent in spring 
when the chickpea crop flowers and warm, humid conditions prevail.  Chickpeas with vigorous 
seedling growth, which achieve canopy closure in mid-winter and flowering by late- winter, are most 
likely to develop BGM.  Serious epidemics of BGM occurred in desi and kabuli chickpea crops during 
1997 and 1998.  During 1999, BGM developed in some chickpea crops late in the growing season and 
caused significant damage.  This was also the first season that ascochyta blight (Ascochyta rabiei) 
occurred in WA crops.  Since 2000 the disease has been observed infrequently in all chickpea 
growing area in Australia, probably due to a combination of the drier seasons and extensive fungicide 
spraying for ascochyta blight control.  The reduced frequency of chickpeas crops in Ascochyta prone 
areas has also reduced the amount of BGM infected stubble which might initiate the disease in new 
crops. 
With the release of Ascochyta blight resistant varieties of chickpea, and the associated reduction in 
fungicide sprays, BGM may again become a problem in the northern agricultural region during 
favourable seasons.  Research to understand the survival and spread of this disease and to identify 
varieties that are more resistant to BGM is in progress.  This should lead to the development of 
improved management packages for BGM that will compliment the improved Ascochyta blight 
management packages.  
Since the occurrence of Ascochyta blight in WA, it has become impossible to do BGM field screening 
of germplasm without the risk of an outbreak of Ascochyta in the trial.  This problem has been 
overcome through a collaborative project with Bangladesh funded by the Australian Centre for 
International Agricultural Research (ACIAR).  Bangladesh is an ideal partner in this project as BGM 
occurs in chickpea crops annually and often these outbreaks are severe, but they do not have 
Ascochyta blight.  The project has achieved three years of field screening of chickpea germplasm at 
two sites in Bangladesh and a fourth screening trial is currently in the ground and will be assessed by 
April. 
The first two years of screening of chickpea genotypes in Bangladesh identified a substantial number 
of genotypes with potentially useful resistance to BGM.  Field screening was again carried out at two 
sites (Jessore and Ishurdi) in Bangladesh in the 2004-05 growing season.  About 220 genotypes were 
screened including 25 new entries from the chickpea breeding programs at DAWA and 41 new entries 
from Tamworth, NSW.  
Both BGM nurseries were initially exposed to natural BGM infection and then from about flowering 
additional disease pressure was created by inoculating with B. cinerea spore suspensions.  The 
disease development was accelerated at Jessore by regular hand watering when the site became dry 
due to lack of rainfall.  At Ishurdi, additional moisture and humidity was provided by overhead mist 
irrigation.  Both sites developed high disease pressure which has allowed discrimination of lines which 
have improved resistance to BGM (Table 60).  This is unlike previous years in which the disease 
development at Jessore has been low and only allowed discrimination of the most susceptible lines. 
One of the more pleasing aspects of the BGM screening in Bangladesh to date, is that 20 lines which 
were retested from the 2003-04 nursery were again shown to be moderately resistant.  Among these 
lines is the variety Howzat which had previously been shown, by testing in Australia, to be among the  
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most BGM resistant varieties.  Other lines among the best 20 lines of current interest to Australian 
growers are: 
• WACPE2095 – released as the desi variety Rupali by DAWA/CLIMA. 
• ICCV96836 –released as the desi variety Genesis836 by DPI, Victoria. 
• FLIP97-530 CLIMAS – released during 2005 as the kabuli Almaz by CLIMA. 
Table 60. Number of entries in botrytis grey mould disease reaction classes for field screening at two 











Ishurdi 0 27 102 69 22 
Jessore 0 0 107 98 1 
Project number:  ACIAR CIM/2001/039 
 
Kabuli chickpea 
Kerry Regan, Department of Agriculture, Western Australia and CLIMA, The University of Western 
Australia 
Kabuli chickpea has mainly been grown in the northern and mid-west parts of the WA cropping region, 
although there are areas in the Avon Valley and parts of the South Coast and Great Southern that are 
suitable for the crop.  Kabuli chickpea production in WA has been difficult since the arrival of 
ascochyta blight in the late 1990s because existing varieties, such as Kaniva, are very susceptible to 
the disease.  To a large extent, recent production of kabuli chickpea has been almost limited to the 
Ord River Irrigation Area in WA.  In this region, the crop is grown under irrigation during the dry season 
(April-September) and the environment is not conducive to the development of ascochyta blight. 
Kabuli chickpea seed is sought for whole seed consumption in confectionery products, salads, 
savouries or ground into paste (hommous); hence the appearance of the seed is an important 
characteristic that can affect marketability and price.  Seed size and colour largely determine kabuli 
chickpea prices, especially when supply exceeds market demand.  Seeds greater than 8 mm diameter 
are generally sold at a premium over smaller seeds, while prices for seeds that are less than 7 mm 
may be similar to those for desi chickpea.  Although varietal differences influence seed size, large 
seeds are more likely to be produced in areas with 400-700 mm annual rainfall, deep fertile soils and 
mild spring conditions favourable to seed filling.  Economic yields of kabuli chickpea with large seed 
size are unlikely to be achieved on a regular basis in lower rainfall areas. 
Two new ascochyta blight resistant varieties, Almaz and Nafice, were commercially released in 2005.  
Almaz and Nafice exhibit improved ascochyta resistance, seed yield and seed quality (seed size) 
compared to Kaniva.  These new varieties should prove to be a profitable pulse option and offer good 
opportunities for growers in the medium to high rainfall regions of WA. 
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New ascochyta blight resistant, high quality kabuli chickpea varieties 
Kerry Regan1,2, Kadambot Siddique2, Tim Pope2 and Mike Baker1 
1Department of Agriculture, Western Australia 
2CLIMA, The University of Western Australia 
Ascochyta blight, caused by Ascochyta rabiei, has caused widespread yield losses in chickpea in 
Australia and a rapid decline in the area of production.  The Australian chickpea industry is largely 
based on desi chickpeas, however there is a potential to increase the area of production of kabuli 
chickpea up to 200,000 ha with the availability of disease resistant varieties.  Kabuli chickpea 
crossbred lines and commercial varieties from the International Centre for Agriculture in the Dry Areas 
(ICARDA) in Syria, the Aegean Agricultural Research Institute (AARI) in Turkey, and Australia were 
screened for resistance to ascochyta blight and agronomic traits in Turkey during 1998 and 2001 
(GRDC funded CLIMA project).  More than 2000 breeding lines and varieties were screened for 
reaction to ascochyta blight and agronomic characteristics (e.g. phenology, plant morphology, seed 
size and colour) and more than 300 superior lines exhibiting ascochyta resistance were selected and 
introduced to Australia.  To fast track the superior ascochyta resistant kabuli chickpea lines for 
commercial release, the Council of Grain Growers Organisation (COGGO) funded a CLIMA project to 
undertake agronomic and seed quality evaluation, disease screening and seed production in Australia.   
The initial quantity of seed introduced to Australia was less than 50 seeds of each crossbred line 
(initially grown in a quarantine glasshouse), therefore evaluation was limited to agronomic adaptation 
in small field plots in WA (Bindoon).  Further evaluation was more extensive, expanding from one field 
scale replicated yield trial in 2002 at Dongara (WA), eight sites across southern Australia in 2003 and 
2004, and three sites in WA and multiple interstate National Variety Testing (NVT) trials in South 
Australia (SA), New South Wales (NSW) and Victoria (VIC) in 2005.  Disease screening for ascochyta 
blight was initially undertaken in SA, VIC, and NSW where the disease had established by 1998.  
Disease screening continued at interstate locations in 1999 and 2000, and in WA between 2002 and 
2005 after the disease had spread through the Western Region.  Seed quality (mean seed weight, 
seed colour and seed size distribution) of promising crossbred lines were measured in agronomic and 
yield evaluation trials.  Seed production of the most promising crossbred lines commenced by 
selecting single plants from plots at Bindoon between 1999 and 2001.  Further bulk-up of the best 
crossbreds continued in WA under irrigation at Carnarvon during 2001, 2002 and 2003, at Deepdale 
(near Geraldton) in 2003 and 2004, and at Kununurra in 2004 and 2005.   
The major outcome of the project has been the release of two new varieties, Almaz (tested as 
FLIP97-530-CLIMAS) and Nafice (tested as FLIP97-503-CLIMAS), in 2005.  The new varieties are 
significantly more resistant to ascochyta blight, and have improved seed yield and seed size 
compared to Kaniva (Table 61)..  Almaz and Nafice produce seed 17 and 20 per cent heavier than 
Kaniva, respectively and produce a larger proportion of seed greater than 9 mm in diameter.  Both 
varieties have similar seed colour and cooking quality to Kaniva.  Almaz and Nafice are protected by 
Plant Breeders Rights (PBR) and seed is available through COGGO Seeds. 
The current project is funded until July 2006.  Yield evaluation, disease screening and seed quality 
measurements have also identified other crossbred lines with good potential for Australian conditions 
and there is the prospect of one additional variety being commercialised from the project in the next 
two years. 
Table 61. Ascochyta blight (AB) rating, mean seed yield (SY), mean seed weight and seed size 
distribution for Almaz and Nafice kabuli chickpea varieties 
Variety 
AB Mean SY2 Mean seed weight3 Proportion of seed (%)3 
Rating1 (kg/ha) % Kaniva mg/seed > 9 mm 8-9 mm 7-8 mm < 7 mm 
Almaz MR 1269 117 39 38 43 15 4 
Nafice MR 1093 120 40 52 34 11 3 
Kaniva VS - 100 34 24 46 23 7 
1 AB rating:  VS = very susceptible;  S = susceptible;  MS = moderately susceptible;  MR = moderately resistant;  
R = resistant. 
2 Mean seed yield calculated from 17 yield evaluation trials 2002-2005 (only data from two sites available for 
2005).  Kaniva not included in trials in 2005, hence omitted from mean. 
3 Mean seed weight:  Mean of 15 trials between 2002-2004.  Seed size distribution:  Mean of seven trials 
between 2002-2004. 
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Crop production and disease management of Almaz and Nafice 
Kerry Regan and Bill MacLeod, Department of Agriculture, Western Australia and CLIMA, The 
University of Western Australia 
Almaz and Nafice are most suited to areas with an annual rainfall of 400 to 700 mm to attain good 
seed size and an economic yield.  Deep, free draining soils of medium to fine texture with a neutral to 
alkaline reaction (pH greater than 6.0 in calcium chloride) are ideal.  The pH should increase with 
depth (greater than 10 cm) in soils with a surface pH of 6.0 to 6.5.  Kabuli chickpea has poor tolerance 
to waterlogging and is highly susceptible to sodicity (salinity) with up to 50 per cent yield reduction 
occurring at 30 mS/m.  Excellent soil types for kabuli chickpeas have been identified around Dongara, 
Mingenew, the Avon Valley and parts of the South Coast and Great Southern.  
Crop production 
Sowing depth 
Sow to a depth of about 5 cm into a firm, moist seedbed to ensure rapid germination and minimise risk 
of fungal infection of seeds.  Deeper sowing will also minimise damage to germinating seeds by 
reducing the risk of contact between herbicides applied immediately before and after sowing with 
seed.  Do not sow into dry soil, because weeds will be difficult to control, crop emergence will be 
patchy and staggered, and rhizobium on slurry inoculated seed dressed with fungicide will die.  
Sowing rate 
Aim to achieve a plant density of 25-35 plants/m2.  The lower range of plant density is most suited to 
sites with high yield potential where greater plant densities will result in a dense, humid canopy that is 
conducive to the development of botrytis grey mould. 
Seed treatment 
Kabuli chickpea seeds have a thin seed coat which lacks the phenolic compounds found in the seed 
coats of desi chickpeas.  These compounds act as fungal inhibitors and reduce the incidence of 
moulds on the germinating seeds caused by a range of common soil-borne fungi.  Therefore, kabuli 
chickpea seed needs to be treated with an appropriate fungicidal seed dressing, such as P-Pickel T®, 
before sowing.  Fungicide application to the seed will also reduce seed transmission of fungal 
diseases such as botrytis grey mould and ascochyta blight.   
Inoculation 
Always inoculate with Group N inoculum prior to sowing.  If using slurry inoculum, inoculate fungicide-
treated seed as close as possible to the time of sowing to reduce the toxic effect of the fungicide on 
the rhizobia.   
Time of sowing 
Kabuli chickpeas are only recommended for sowing in the medium and high rainfall areas of the 
northern, cental and southern agricultural regions.  Sowing is delayed in the high rainfall zone to 
manage disease development in the longer growing season environment.  In the northern agricultural 
region, sowing is recommended between 25 May to 10 June in the medium and 1 to 15 June in the 
high rainfall area.  For the central agricultural region, sowing is recommended between 25 May to 
15 June in the medium and 1 to 20 June in the high rainfall area.  In southern medium to high rainfall 
regions, sowing is recommended from 5 to 20 June. 
Weed management 
Kabuli chickpeas are poor competitors with weeds, particularly broad-leaved weeds such as radish, 
mustard, capeweed and doublegee.  Paddock selection and pre-emergence weed management is 
essential for a successful crop.  Do not sow chickpeas into a pasture paddock.  There are many 
herbicides registered for weed control in chickpea (Table 62).  Minor use registration for other 
herbicides may be current and these can be viewed on the Pulse Australia website at 
www.pulseaus.com.au.  
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Table 62. Registered herbicides for use with kabuli chickpea crops (2005) 
Application time Herbicide 
Pre-sowing Cyanazine (Bladex®), Simazine 50% flowable. 
Incorporate at sowing Pendimethalin (Stomp®), Triallate (e.g. Avadex®), Trifluralin (400 ai/L). 
Post sowing pre emergent Isoxaflutole (Balance®), Simazine 50% flowable, Metribuzin (Lexone). 
Post-emergent 
Flumetsulam (Broadstrike®), Pyridate (Tough®), Fusion®, Select®, Motsa®, 
Fusilade®, Verdict®, Correct®, Shogun®, Targa®, Aramo®, Sertin®. 
Insects 
Kabuli chickpeas can tolerate red-legged earth mite, lucerne flea and aphids.  The crop is susceptible 
to native budworm damage from flowering to pod fill.  The crop will need to be sprayed with an 
appropriate insecticide if caterpillars are present and pods have started to form.  Regular monitoring 
using a sweep net will help determine if the crop needs to be sprayed.  An insecticide application will 
be necessary if one caterpillar is found in 10 sweeps of the crop.  Synthetic pyrethroids are most 
effective for native budworm control and will prevent reinfestation for up to six weeks after application. 
Disease management 
The most important disease affecting chickpeas in Western Australia is ascochyta blight, practices 
which minimise the risk from ascochyta also minimise the risk from the botrytis grey mould, which is 
another foliar disease to have caused major losses in WA chickpea crops in the past. 
Paddock selection 
Keep a three year break between chickpea crops in the same paddock and equally importantly ensure 
that you sow new chickpea crops at least 500 m from any paddock (yours or your neighbours’) in 
which chickpeas were grown in the previous season.  Chickpea stubble and disease spores can be 
blown hundreds of metres, or even kilometres. 
Seed  
Test your seed for both germination and ascochyta infection.  Do not sow seed if the ascochyta 
infection level is above 0.25 per cent.  All kabuli seed should be treated with a fungicide seed 
dressing; this will reduce the transmission of seed-borne fungal infections and also help to protect the 
emerging seedling from soil-borne pathogens and seedling rots. 
Variety 
Almaz and Nafice are much more resistant to ascochyta blight than other large seeded kabuli 
varieties.  Additionally, Almaz was less susceptible to BGM than the majority of chickpea varieties in 
screening conducted in Bangladesh. 
Fungicide timing 
Where crops have been established following the above recommendations, both Almaz and Nafice will 
require only 2 or 3 strategic fungicide sprays (chlorothalonil 720 g/L applied at 1.0-2.0 L/ha) instead of 
the regular spray schedule previously recommended.   
Four weeks after emergence an early prophylactic spray is recommended to contain the spread from 
any ascochyta blight infections caused by wind blown spores from last year’s stubble, seed borne 
infections or infected trash that has been carried into the paddock. 
A second spray should be applied at full flowering to protect the developing pods and minimise the risk 
of reduced quality. 
A third spray may be required during pod filling if ascochyta blight becomes evident in the canopy 
during podding. 
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Faba bean 
Mark Seymour, Department of Agriculture, Western Australia 
About 8 to 10 thousand hectares of faba beans were sown in WA in 2005 with most being sown in the 
medium to high rainfall areas of the southern agricultural region.  Early rains provided an opportunity 
for growers to sow their beans in April.  The early start combined with a prolonged wet period in the 
Great Southern had many farmers ruing the fact they did not have bean seed to grow beans in 2005. 
In mid September Botrytis/chocolate spot appeared in many crops.  This was the first year since the 
mid-late 1990s that chocolate spot was so widespread and so aggressive, and many crops lost leaves 
at the bottom to middle of the canopy.  The infection though aggressive was quite late in the year, and 
most crops had already set pods and a mild long spring and no late rust infection allowed most of the 
pods to fill.  Therefore crops yielded quite well – in the range of 2-3 t/ha.  However it is a salient 
reminder to growers, researchers and breeders of the importance of good chocolate spot 
management via rotation, fungicide management and variety choice. 
Cercospora continues to appear in many crops, particularly in the Dongara region, and is increasingly 
being looked at by plant breeders, evaluators and pathologists throughout Australia. 
There were only a few bulkup crops of Farah in WA in 2005, and it appears likely many growers in the 
south will look at Farah as a viable alternative to Fiesta.  WA growers were unable to source any Cairo 
seed due to the very high demand in NSW.  In 2006 we anticipate faba bean growers in the northern 
agricultural region to evaluate Cairo on their farms. 
In 2006 the National Faba bean Improvement Program (NFBIP) released a new variety Nura.  This 
variety has slightly better disease resistance, but is quite short in stature, late flowering, and is 
considered a long season variety.  It has not yielded well in WA trials prior to 2005, and is likely to be 
only suited to high rainfall southern districts if at all. 
From mid 2006 Mark Seymour took over from Dr Peter White as the coordinator of NFBIP in WA.  Tim 
Pope (CLIMA) remains the key technical officer for the project in WA. 
Key messages  
• Growers in the NAR should consider Cairo. 
• Growers in the SAR should consider Farah. 
• Nura has not yet found a place in WA. 
• NFBIP is actively looking for faba bean varieties more suited to WA conditions via an extensive 
series of trials throughout regional WA. 
 
Germplasm evaluation – faba bean 
Mark Seymour1, Tim Pope2, Peter White1, Martin Harries1, Murray Blyth1, Rodger Beermier1, Pam 
Burgess1 and Leanne Young1 
1Department of Agriculture, Western Australia 
2CLIMA, The University of Western Australia 
Background 
The total area cropped to faba bean in WA expanded rapidly in the early 1990s reaching a peak of 
about 40,000 ha in 1997.  Disease (chocolate spot) epidemics and a series of dry seasons 
subsequently caused the area to fall to less than 10,000 ha.  The release of Fiesta, a variety with 
improved chocolate spot resistance, and better disease management strategies has since seen a 
modest recovery in the faba bean industry.  Nevertheless, at its current level the industry is well below 
its medium term potential of over 100,000 ha in WA.   
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There are two centres for breeding faba bean in Australia:  Adelaide, SA and Narrabri, NSW.  
Germplasm from both these centres is evaluated in WA.  The aim is to develop varieties with 
resistance to chocolate spot, ascochyta and rust, the three main faba bean diseases, as well as 
increased yield and yield stability.  Fiesta is now the most widely grown faba variety in WA and has 
become the standard against which improvements in disease resistance and yield are measured.  
However, Fiord will produce higher yields than Fiesta in WA in disease free situations. 
Germplasm was evaluated in Stage 2 (S2), Stage 3 (S3) and Stage 4 (S4) trials at several locations.  
The S2 trial was situated at Bindoon and involved 185 lines; mainly crossbreds obtained directly from 
the breeding centres in Adelaide and Narrabri.  Stage 2 trials are mainly used for seed multiplication 
and results are not presented here.  Stage 3 trials were conducted at Dongara, Merredin, Katanning 
and Scaddan.  About 120 lines were evaluated at each site.  Inclusion of lines in trials was dependant 
on the availability of seed.  More lines originating from NSW were included at Dongara and Merredin, 
while more lines from SA were included at Katanning and Scaddan.  About 75 per cent of the lines 
were common across sites.  All lines were evaluated for a range of plant characteristics but, only data 
on seed yield of the highest 20 yielding lines, plus current varieties are presented here (see Tables 46 
to 47).  
Stage 4 trials were located at Dongara, Mingenew, Bolgart, Kojonup (analysed as 2 trials as two reps 
ended up 50m away from the remainder of trial on a different soil type) and Esperance.  Five current 
varieties plus four lines that produced high yields in S2 and S3 trials in 2004 were included.   
Key messages from stage 4 trials 
• FiestaAR*(IC*AS)/3 did well at southern sites but not in the north.  It has good ratings for 
ascochyta resistance. 
• At the majority of sites Fiord was amongst the lowest yielding varieties, with the notable 
exception of Mingenew which had very low disease pressure. 
• Nura which is a new release with improved disease resistance, short in height, late flowering 
variety was the highest yielding variety at EDRS – a high rainfall southern site, and in two reps 
of the Kojonup trial, but was disappointing elsewhere. 
Key messages from stage 3 trials 
• SP98002 and 735*683/15 were the two top ranked lines, performing particularly well at 
Merredin and Katanning.  SP98002 is slightly earlier flowering than most released varieties and 
performed creditably at Mingenew in the Stage 4 trial. 
• 1270*278/10, 974*(611*974)/42 and 483/5 are three lines being considered for multiplication by 
NFBIP due to improved ascochyta resistance and good seed characteristics.  1270*278/10 did 
well at most sites, and was ranked equal 3rd overall, and did particularly well at Scaddan.  
974*(611*974)/42 did well at the southern sites – ranked 7 and 5 at Scaddan and Katanning.  
Both lines performed well in 2004 trials. 
• 483/5 tended to do better at northern sites in both the Stage 3 and 4 trials. 
Project numbers:  Mark Seymour, DAWA CF funds (GPA) and Tim Pope, GRDC UA00079 
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Results 
Table 63. Grain yield (% of Fiord, with Fiord yield in t/ha) and ranking of faba bean varieties in stage 4 trials throughout Western Australia in 2005 
Line 
Bolgart 
Sown 25 May 
Dongara 
Sown 27 May 
Kojonup wet site 
reps 1 & 3 
Sown 20 May 
Kojonup hill site 
reps 2 & 4 
Sown 20 May 
Mingenew 
Sown 18 May 
EDRS 
Sown 18 May Mean of 
rankings 
GY Rank GY Rank GY Rank GY Rank GY Rank GY Rank 
FiestaAR*(IC*AS)/3 112 1 100 6 102 1 104 2 84 5 132 2 3 
Cairo 101 4 104 1 101 2 105 1 84 7 112 4 3 
483/5 103 3 104 1 98 8 103 4 93 3 103 7 4 
Fiesta 104 2 100 8 99 7 103 3 84 6 119 3 5 
Farah 101 5 102 3 101 4 101 6 76 8 112 5 5 
Nura 101 6 90 9 101 3 101 7 73 9 139 1 6 
SP99068 98 9 102 4 101 5 100 8 87 4 112 6 6 
SP98002 100 7 101 5 95 9 101 5 95 2 97 9 6 
Fiord 2.7 8 3.6 6 2.2 6 3.0 9 2.8 1 2.0 8 6 
Standard error 4%  3%  5%  3%  4%  10%   
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Table 64. Grain yield (% of Fiord, with Fiord yield in t/ha) and ranking of faba bean varieties in stage 3 trials throughout Western Australia in 2005 
Line 
Dongara 
Sown 17 May 
Katanning 
Sown 26 May 
Merredin 
Sown 6 May 
Scaddan 
Sown 1 June Across site 
ranking 
% of Fiord Rank % of Fiord Rank % of Fiord Rank % of Fiord Rank 
SP98002 105 42 120 2 100 2 109 21 1 
735*683/15 109 21 124 1 86 63 111 14 1 
1*30/1-09 117 2 116 4 91 29 110 18 2 
1*30/1-16 114 9 112 12 94 13 114 9 2 
1270*483/20 105 41 119 3 88 42 107 33 2 
1593 104 43 113 9 90 36 110 15 2 
483*1270/25 106 31 114 7 85 67 117 4 2 
Farah 107 29 113 8 82 78 115 6 2 
974*611*974/42 103 48 115 5 83 77 115 7 2 
1*30/2-03 100 65 115 6 95 8 104 40 2 
1270*278/10 112 11 100 35 96 5 123 2 3 
1*30/2-42 113 10 113 10 81 82 104 41 3 
AF02042 117 3 108 18 83 75 108 29 3 
1*30/2-40 107 30 108 17 100 1 102 43 3 
1*25/2-15 107 26 106 20 93 16 99 60 3 
974*(611*974)/26 107 25 111 13 84 73 101 50 3 
AF02020 105 37 109 15 88 43 108 25 3 
AF02018 114 7   91 24 105 37 3 
AF02010 103 51 97 42 95 10 118 3 3 
AF02044 98 74 112 11 85 68 110 17 3 
278*1270/40 109 22 99 37 87 59 110 19 3 
AF02002 103 50 105 23 89 38 116 5 3 
FIESTAAR*IC*AS/2DAW02-13 116 4 99 36 91 25 111 12 3 
AF02058 102 55 109 14 86 64 102 44 3 
1447/1 83 102   75 95 127 1 4 
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Table 64 continued … 
Line 
Dongara 
Sown 17 May 
Katanning 
Sown 26 May 
Merredin 
Sown 6 May 
Scaddan 
Sown 1 June Across site 
ranking 
% of Fiord Rank % of Fiord Rank % of Fiord Rank % of Fiord Rank 
(IC*AS)*FIESTAAR/4 110 17 108 16 93 14 101 48 4 
Cairo 104 46 102 28   108 28 4 
AF02054 94 83 104 26 88 45 100 55 4 
611*722/3 103 49 104 24 66 104 108 30 4 
1505/1 100 63 97 43 77 94 113 10 4 
AF02067 109 19 104 25 94 12 91 86 4 
1269*483/20 97 78 107 19 87 55 105 36 4 
1*30/2-20 110 15 97 44 88 48 115 8 4 
1*22/1-14 101 61 105 21 91 23 96 72 4 
683*834/18 98 75   87 57 109 20 4 
1*30/2-52 114 8 95 51 71 102 105 35 4 
FIESTA 99 67 103 27 89 40 104 39 4 
AF02043 91 91 105 22 80 89 107 32 4 
1288/1/DAW43 107 27 99 38 90 30 111 13 4 
SP95054/DAW02-07 110 14 93 53 92 21 110 16 5 
FIORD (t/ha) 2.5 66 1.7 33 2.7 3 2.5 53 5 
1*30/2-31 109 18 93 54 96 7 108 26 5 
AF02007 110 16 98 40 93 19 102 45 5 
1*30/2-19 101 59 102 29 100 4 94 78 5 
1*29/2-06 98 70 100 32 93 18 102 46 5 
FiestaAR*(IC*AS)/3 107 28     101 49 5 
AF02021 106 33 93 56 88 47 109 22 5 
1*21/1-13 106 35 96 48 82 80 105 34 5 
IC*AS7/2 92 88   90 33 108 27 5 
1499/1 104 44   90 35 100 54 5 
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Table 64 continued … 
Line 
Dongara 
Sown 17 May 
Katanning 
Sown 26 May 
Merredin 
Sown 6 May 
Scaddan 
Sown 1 June Across site 
ranking 
% of Fiord Rank % of Fiord Rank % of Fiord Rank % of Fiord Rank 
AF02009 97 80 96 46 82 79 109 23 5 
1103/3 108 24 100 34 82 81 92 85 5 
AF02069 106 36 95 49 87 49 91 87 5 
483*683/6DAW02-12 104 45 97 41 87 50 103 42 5 
IX61/1-97 102 56 96 47 92 22 99 57 5 
AF02005 95 82 99 39 89 37 99 58 5 
1*32/1-04 115 6 91 62 85 65 98 66 5 
482*1038/30 101 58 101 31 91 27 89 96 5 
AF02038 100 62 102 30 80 86 98 67 5 
AF02060 101 60   81 85 99 56 5 
974*611*974/21 105 39 95 50 81 84 93 80 6 
1149/4 89 97   81 83 109 24 6 
IX64/3-35 103 47 86 69 93 15 100 52 6 
1*32/1-15 105 38 94 52 79 92 94 79 6 
483/5 111 13 91 60 87 58 98 63 6 
1420/2 121 1 90 63 87 52 89 94 6 
482*1038/26 94 85   84 70 100 51 6 
1321/DAW02-09 97 79 93 55 87 56 98 65 6 
IX64/1-11 100 64   89 39 94 77 6 
IX71-39 102 57   96 6 92 83 6 
AF02030 91 93 97 45 86 61 98 61 6 
1324/3 91 92 91 61 79 91 104 38 6 
1*29/1-32 111 12 84 73 88 44 107 31 6 
SP99068 102 52 88 65 91 28 93 81 6 
278*1270/35 106 32   84 72 95 75 6 
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Table 64 continued … 
Line 
Dongara 
Sown 17 May 
Katanning 
Sown 26 May 
Merredin 
Sown 6 May 
Scaddan 
Sown 1 June Across site 
ranking 
% of Fiord Rank % of Fiord Rank % of Fiord Rank % of Fiord Rank 
AF02061 102 54 89 64 93 17 97 68 6 
1*25/2-11 93 86 91 59 95 9 95 74 6 
1446/1 105 40   89 41 89 92 6 
1532/5 99 69 92 57 74 96 89 93 6 
MANAFEST 91 90 91 58 79 93 95 76 6 
1269*483/6 106 34 80 75 80 88 113 11 6 
AF02028 109 23 85 71 80 87 97 70 6 
IX58/1-23 109 20 85 70 87 53 98 64 7 
AF02074 98 72 87 67 74 97 98 62 7 
IX63/2-14 96 81   88 46 90 91 7 
552 98 76 85 72 74 98 97 69 7 
IX66/2-7 102 53 86 68 83 74 91 89 7 
IX73/2-32 98 71   87 54 84 99 8 
916/1 97 77 78 78 86 60 99 59 8 
1445/3 90 95 80 74 90 31 92 84 8 
AF02040 92 89 74 81 86 62 102 47 8 
IX58/1-21 99 68 80 76 93 20 93 82 8 
227/1 94 84 77 79 90 34   8 
1477 89 96   59 105 96 73 8 
AF02023 98 73 73 82 79 90 96 71 8 
316/1 73 107 87 66 66 103 89 97 8 
832/3 93 87   73 100 85 98 9 
1443/1 83 104 79 77 73 101 91 88 9 
1555/1 115 5 70 85 91 26 79 101 9 
IX52/2-16 90 94 77 80 85 69 78 103 9 
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Table 64 continued … 
Line 
Dongara 
Sown 17 May 
Katanning 
Sown 26 May 
Merredin 
Sown 6 May 
Scaddan 
Sown 1 June Across site 
ranking 
% of Fiord Rank % of Fiord Rank % of Fiord Rank % of Fiord Rank 
IX60/1-84 89 98 71 83 94 11 91 90 9 
IX52/2-8 85 100 70 84 87 51 78 102 9 
IX66/1-39 84 101 64 89 84 71 89 95 10 
IX52/2-6 88 99 64 88 85 66 64 105 11 
IX52/2-28 83 103 59 90 83 76 80 100 11 
631 77 106 66 86 74 99 78 104 12 
NARBON BEAN 82 105 65 87 90 32 51 106 13 
Overall standard error of difference:  GY = 13 per cent and for Mean ranking = 1 
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Factors affecting seed coat colour of faba bean during storage 
Syed Muhammad Nasar-Abbas1, Julie Plummer1, Kadambot Siddique2, Peter White 3, D. Harris4 and 
Ken Dods4. 
1The University of Western Australia 
2CLIMA, The University of Western Australia 
3Department of Agriculture, Western Australia 
4Chemistry Centre 
Background 
Australia is now one of the largest exporters of faba beans.  Colour of seed testa is important in 
marketing of faba bean for human consumption.  The canning industry prefers faba beans that are 
light brown because these turn a light golden colour when canned.  Discolouration of faba bean also 
reduces its value.  Consumer associates dark seed colour with old seed and so dark seed is 
unacceptable to the unprocessed as well as canning market.  On average 25 per cent of faba bean 
production is down-graded to stock feed due to discolouration and this represents a loss of more than 
$50 per tonne to the grower.  Storage conditions like temperature, moisture, light, air, etc. might be 
affecting storage discolouration in faba bean.  Efforts have been made to investigate these factors to 
overcome the problem. 
Method 
To investigate the problem the following experiments were carried out: 
1. Effect of storage temperature and time on the colour stability in faba beans 
Good colour (beige/light brown) and healthy faba bean seeds (free from insect damage, visible viral or 
fungal attack or broken testa) of cv. Fiesta were sorted out manually for use in the experiments.  The 
moisture contents of seed samples were maintained at 12 per cent.  Seed samples (3 x 25 g) were 
placed in polyethylene lined foil bags (10 x 10 cm) and sealed using an impulse heat sealer.  The bags 
were placed in plastic storage boxes and stored at 5, 15, 20, 25, 30, 37, 45, 50 or 60oC (± 2oC) in dark.  
Samples were analysed for moisture content (weight gain/loss of the bag) and seed coat (testa) colour 
at 0, 0.5, 1, 2, 3, 4, 6, 8, 10 and 12 months of storage.  Seed coat colour was determined by a chroma 
meter by taking L*, a*, b* values.  Total colour difference after each storage interval has been 
measured using the L*a*b* colour coordinates and expressed as ∆E*ab, the unit of colour difference 
given by National Bureau of Standards (NBS).  
Samples were also analysed for their phenolic contents after one year storage as mostly, phenolic 
compounds have been reported to be involved in discolouration processes in seeds.  To find out any 
correlation of phenolic compounds with discolouration in faba bean, seed testae were separated from 
seeds manually and analysed for total phenolics, total tannins, and proanthocyanidins by using 
standard methods. 
2. Effect of seed moisture content on the colour stability in faba bean 
Moisture contents of the samples were modified to 8, 10, 12 and 14 per cent by dehydration over silica 
gel or rehydration in a 75 per cent RH chamber.  Initial and final seed moisture contents were 
determined by applying the air-oven method.  Samples (3 x 25 g) were placed in bags and sealed as 
above.  Samples were analysed for moisture content (weight gain/loss of the pack) and testa colour at 
0, 0.5, 1, 2, 3, 4, 6, 8, 10 and 12 months storage interval.  Seed coat colour was determined and 
expressed as given above.  
3. Effect of light on the seed coat colour 
Seed samples (3 x 25 g) with 12 per cent SMC were placed in bags and sealed as above.  For the 
samples to be stored under light, bags (10 x 10 cm) were prepared from a transparent polyethylene 
sheet whereas polyethylene lined foil bags were used for packaging of the samples to be stored in 
dark.  The bags were placed under direct artificial light in a cool room at 20 ± 2oC.  The light intensity 
(Photosynthetic Photon Flux) was measured to be 350 µ mol m-2 s-1 by a Quantum Meter (QMSW, 
Apogee Instruments, USA).  Samples were analysed for moisture content (weight gain/loss of the 
pack) and testa colour at 0, 0.5, 1, 2, 3, 4, 6, 8, 10 and 12 months storage interval.  Seed coat colour 
was determined and expressed as given above.  
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4. Effect of Modified Atmosphere Packaging (MAP) on the colour stability in faba beans during 
storage 
Seed samples (25 g each) were packed in thick (300 μm) polyethylene bags (10 x 10 cm) and sealed 
with the help of an impulse heat sealer.  Air from the bags was removed with the help of a syringe 
needle attached to a vacuum system and then the required gas (CO2, N2, O2 or Ethylene) from 
commercially available gas cylinders was filled in to the bags through the same needle followed by 
immediate sealing.  The samples packed in bags filled with air acted as control.  After MAP 
treatments, the packs were placed in plastic storage boxes and stored at 30oC (adverse storage 
temperature) in dark.  Samples were analysed for changes in seed coat (testa) colour at 0, 0.5, 1, 2, 3, 
4, 6, 8, 10 and 12 months storage interval as detailed above.  
Results and discussion 
Storage temperature and time demonstrated pronounced effect on the colour of faba bean (Figure 37).  
The higher the temperature the faster was the rate of change in colour.  It changed from beige/light 
brown (initial colour) to medium brown in samples stored at lower temperatures (≤ 25oC) but it 
changed to dark reddish brown to almost black in case of samples stored at higher temperatures 
(≥ 37oC).  Statistical analysis revealed a significant (p ≤ 0.05) influence of both temperature and time 
on ∆E*ab values.  The samples stored at ≤ 25oC retained their colour in acceptable range (according to 
the data collected from local and foreign grain handlers and exporters/importers by personal 
communication) for marketing for one year.  
Seed moisture content (SMC) has also been found to be one of the major factors that effect colour 
darkening process (Figure 38).  Higher the seed moisture content the faster was the darkening 
process (Figure 38).  Samples having 8 per cent SMC were less susceptible to discolouration as 
compared to others having 10, 12 and 14 per cent SMC.  Samples having 8 per cent SMC showed a 
change of 27 points in ∆E*ab values after 12 months storage where as samples having 10, 12 and 
14 per cent SMC exhibited the same level of change in just 8, 6 and 3 months respectively (Figure 38).  
Figure 39 reflects the effect of light on the colour darkening process (changes in ∆E*ab values) in faba 
bean.  Light caused a substantial increase in colour darkening process.  The samples stored under 
light darken much faster than those stored in dark.  Light caused a testa colour darkening in less than 
one month equal to the colour darkening occurred in 12 months in samples stored in dark at the same 
temperature (20 ± 2oC).  Statistical analysis reveals a highly significant (p ≤ 0.01) difference between 
samples stored in dark and those stored under light. 
The results presented in Figure 40 indicate that as compared to the control (air), vacuum packaging 
and CO2 did not found to have an effect in reducing the colour darkening process.  N2, on the other 
hand, found to be effective in reducing the colour darkening whereas O2 was found to be accelerating 
the colour darkening process.  The results conclude that some oxidative type of chemical reactions are 
involved in colour darkening process in faba bean which can be controlled to some extend by 
packaging with N2.  
Analysis of phenolic constituents reveals that there was a continuous and significant (p ≤ 0.05) 
decrease in total phenolics, total tannins and proanthocyanidins contents with the increase in colour 
darkening in faba bean (Table 65).  The decrease in phenolic constituents with the increase in colour 
darkening may be due to oxidative degradation of polyphenols into some non-phenolic but darker 
substances in the course of colour darkening process during storage.  
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Figure 38. Effect of seed moisture content on the total colour changes (∆E*ab) in faba bean stored at 
37 ± 2oC. 
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Figure 40. Effect of different gases (MAPs) on the colour stability (∆E*ab) in faba bean stored at 30 ± 2oC. 
Table 65. Phenolic constituents of faba beans testa stored at different temperatures for one year 
Sample ID 
Total phenolics 
(% as Merck tannic acid) 
Total tannins 
(% as Merck tannic acid) 
Proanthocyanidins 
(% as leucocyanidins) 
5oC  5.70 4.11 4.04 
15oC  5.82 4.27 3.84 
25oC  5.67 4.14 3.81 
37oC 5.19 3.82 3.22 
45oC  4.24 3.20 2.48 
50oC  1.65 1.37 0.60 
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Lentil 
Kerry Regan, Department of Agriculture, Western Australia and CLIMA, The University of Western 
Australia 
The lentil area has remained relatively constant over the past few years in WA despite the potential for 
further growth.  Lentils have particular production and harvest requirements, but if grown with attention 
to detail, they have proved to be extremely profitable crops.  They are best suited to well-drained fine-
textured soils with pH > 6 in the 350-500 mm rainfall zones.  Specialised receival and processing 
plants for lentils have now been established in Perth 
The area sown to lentil in WA during 2005 was about 1,500 ha.  Cassab and Digger were the main 
commercial varieties grown.  Diseases, such as ascochyta blight and botrytis grey mould, were not 
detected in lentil trials or commercial crops, but some isolated incidence of sclerotinia and virus 
symptoms were observed in commercial crops.  Average seed yields of commercial crops ranged from 
0.6-2.0 t/ha and seed quality has been excellent.   
Two new varieties were commercialised by the national breeding program in 2005.  The new varieties 
show good improvements in disease resistance (ascochyta blight and botrytis grey mould) and seed 
quality over current varieties.  Nipper, tested as CIPAL203, is a red lentil released as a replacement 
for Northfield and is unlikely to show improved yields over Digger and Cassab in WA.  Boomer, tested 
as CIPAL402, is a green lentil which has shown some seed yield benefits and larger seed size 
compared to Matilda in WA and offers a good alternative to growers wanting to produce green lentils. 
 
Variety and germplasm evaluation 
Kerry Regan1,2, Tim Pope2, Leanne Young1, Phill Chambers1, Alan Harris1, Wayne Parker1 and 
Michael Materne3 
1Department of Agriculture, Western Australia 
2CLIMA, The University of Western Australia 
3Department of Primary Industries, Victoria 
In 2005, lentil evaluation was carried out through the GRDC funded Coordinated Improvement 
Program for Australian Lentils (CIPAL).  The national lentil breeding program based in Victoria, but 
with collaborators in South Australia, New South Wales, Tasmania and WA, has a major breeding 
focus on developing new varieties with appropriate phenology, improved disease resistance 
(ascochyta blight and botrytis grey mould), harvestability and seed quality (size, colour and milling), 
tolerance to soil limitations (boron and salinity) and common broadleaf herbicides, and resistance to 
exotic diseases (anthracnose, fusarium and rust).  The major aims of the WA component are 
identifying lines with improved and stable yield, improved harvestability, vigorous early growth, early 
flowering and drought tolerance.  Evaluation of lentils in WA involves initial screening of early 
generation material (S1) in single rows and two stages (S2 and S3) of replicated field trials.  Trials 
were located at Merredin (S1, S2 and S3) and Morawa (S3) in 2005.  
At Merredin and Morawa, seasonal rainfall (May-October) was about average but rainfall distribution 
created some challenging conditions.  Lentil trials at both sites suffered transient waterlogging in June 
and drought in July.  Mild conditions in spring also provided good conditions for the later flowering 
varieties/lines.  Lentil trials at Merredin also experienced frosts during September, which may have 
been more detrimental to the earlier flowering and podding varieties/lines.  There were no diseases 
observed in the trials.  The trials at both sites were treated with insecticide after flowering to control 
aphids.  In general, weed control was good at both sites, but there were some harvesting problems at 
Morawa which limited yields (seed yields from Morawa not presented).   
Stage 1 evaluation 
Stage 1 trials are located at Horsham, Victoria and approximately three other primary sites, including 
Merredin.  The breeding lines grown in these trials are potentially high yielding and evaluated in 
unreplicated single rows for desirable characteristics, such as biomass production, disease resistance, 
flowering time and maturity.  Evaluating germplasm at an early breeding stage in WA assists to identify 
and capture adapted lentil crosses suitable for the western region that can be progressed for 
evaluation in S2 and S3 trials.   
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The S1 trial was used for visual identification of adaptation and not for yield.  Plots were scored for 
general adaptation, dry matter production, phenological development and podding.  Breeding lines of 
note were 99-068L*4-03H048 and 99-068L*4-03H010 (Indianhead/ILL7685//Nugget), 
02-311*03HS010 (98-006L*99HS068/96-047L*99R060), 99-078L*00HS008-03H038 
Precoz/ILL7685//Cumra), and 02-178*03HS009 (96-047L*99R026/97-030L*99R024).  The results of 
this nursery will be used to select appropriate breeding lines for progression to S2 trials at Merredin 
and other sites interstate in 2006. 
Table 66. Time in days after sowing to flowering (FLW), mean seed weight (MSW, g/100 seeds) and seed 
yield (SY, kg/ha and % Digger) of the highest yielding S2 lentil breeding lines and varieties at 
Merredin 2005 (sown 26 May) 
Line/variety Pedigree FLW MSW SY1 
SY  
(%Dig) 
Cassab  99 3.60 948 111 
Cumra  97 3.25 461 54 
Digger  100 3.53 855 100 
Nipper (CIPAL203)  111 2.74 424 50 
Northfield  111 2.64 613 72 
Nugget  101 3.41 769 90 
99-088L*02H003 Precoz/ILL7685//ILL590/Indianhead 107 4.20 1196 140 
99-088L*02H037 Precoz/ILL7685//ILL590/Indianhead 106 3.89 1146 134 
99-107L*02H044 Cumra/ILL7508 101 3.81 1094 128 
97-030L*02H030 ILL590/Matador 111 3.48 1004 117 
97-030L*02H010 ILL590/Matador 106 3.66 982 115 
99-070L*02H035 ILL590/Indianhead//Cassab 97 4.23 974 114 
99-070L*02H036 ILL590/Indianhead//Cassab 95 4.65 927 108 
97-030L*02H029 ILL590/Matador 111 3.44 926 108 
97-030L*02H004 ILL590/Matador 111 3.36 917 107 
00-093L*02H019 ILL8107/Nugget 99 3.36 904 106 
97-075L*02H012 Northfield/ILL7537 108 3.35 900 105 
99-088L*02H051 Precoz/ILL7685//ILL590/Indianhead 104 4.41 884 103 
99-068L*4-02H030 Indianhead/ILL7685/Nugget 109 3.50 881 103 
99-002L*02H028 Cumra/ILL7685 104 3.86 852 100 
99-068L*2-02H043 Indianhead/ILL7685/Nugget 110 3.33 836 98 
99-068L*1-02H037 Indianhead/ILL7685/Nugget 111 3.11 831 97 
99-080L*02H007 CAN578-28/ILL7200//ILL7685 104 4.44 831 97 
97-030L*02H025 ILL590/Matador 111 3.41 826 97 
99-027L*02H018 ILL7508/Cassab 106 3.09 814 95 
99-070L*02H016 ILL590/Indianhead//Cassab 101 4.15 810 95 
99-088L*02H056 Precoz/ILL7685//ILL590/Indianhead 111 4.14 806 94 
99-069L*1-02H020 Indianhead/ILL7685//Cumra 97 3.96 804 94 
Mean  104 3.55 729  
lsd 5%   0.31 317  
CV%   5 22  
1 Seed yield analysed using REML statistical methods. 
Stage 2 evaluation 
The S2 lentil trial at Merredin included 60 red lentil varieties (Cassab, Cumra, Digger, Northfield and 
Nugget) and breeding lines.  Mean seed yield was 729 kg/ha (Table 66).  Yield was limited by 
waterlogging in June, drought in July and frosts in September.  Cassab produced the greatest yield of 
the commercial varieties, out-yielding Digger by 11 per cent.  The early flowering variety, Cumra, 
performed poorly in 2005.  A number of breeding lines produced yields up to 40 per cent greater than 
Digger.  One of the lines (99-070L*02H036) also showed good potential in the 2004 S1 trial at 
Merredin. 
Agribusiness Crop Updates 2006 
 
Crop Updates is a partnership between the Department of Agriculture, Western Australia and  
the Grains Research & Development Corporation 
134 
Stage 3 evaluation 
The stage 3 evaluation trial at Merredin included a selection of red and green lentil varieties and lines 
(Table 67).  Mean seed yield was 835 kg/ha.  Similar to the S2 trial, seed yields were limited by 
waterlogging in June, drought in July and frosts in September.  Aldinga, Cassab, Nugget and Matilda 
produced greater yields than Digger, but Cumra and Northfield produced 21 and 10 per cent less, 
respectively.  A number of breeding lines exhibited significantly greater seed yields than current 
commercial varieties.  The lines 94-003L*98H039, 98-046L*01H003 and 98-019L*01H022 produced 
the greatest seed yields at Merredin in 2005.  The line 94-003L*98H039 also performed well at 
Merredin in 2004.  For the green lentils, the lines CIPAL416 and 97-002L*00H005 produced the 
greatest yields.  Mean seed weight (or seed size) can be an important characteristic for some green 
lentil markets and larger sizes are often preferred.  In this trial Boomer produced the largest seed, 
approximately 35 per cent heavier than Matilda. 
Two new varieties were commercialised in 2005 and seed production is underway for release to 
growers in 2007.  Nipper, tested as CIPAL203, is a red lentil with many similar characteristics to 
Northfield, including seed shape and size, but is more suited to longer season environments in eastern 
Australia where Northfield is well-adapted.  Boomer, tested as CIPAL402, is a green lentil and aimed 
at a replacement for Matilda.  Both new varieties have improved disease resistance (ascochyta blight 
and botrytis grey mould) compared to current varieties.  In this trial Nipper performed poorly yielding 
28 per cent less than Digger (Table 67) and 50 per cent less yield than Digger in the S2 trial 
(Table 66).  Boomer also performed poorly in this trial and produced 22 per cent less yield than 
Digger.  This is in contrast to previous results, which have shown good yield improvement over Digger 
and Matilda.  In general, Nipper is unlikely to provide any improvement over Digger and Cassab in 
WA, but Boomer may offer a good alternative to growers wanting to produce green lentils. 
The results from the S1, S2, S3 and S4 trials in WA and similar trials across Australia will be used to 
evaluate the potential of these lentil breeding lines and to identify where breeding lines are best 
adapted and where new varieties should be targeted for production.  Promising lines will be selected 
for further screening and yield evaluation in 2006. 
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Table 67. Time in days after sowing to flowering (FLW), mean seed weight (MSW, g/100 seeds) and seed 
yield (SY, kg/ha and % Digger) of the highest yielding S3 lentil breeding lines and varieties at 
Merredin 2005 (sown 26 May) 
Line/variety Pedigree FLW MSW SY1 SY (%Dig) 
Aldinga  107 4.72 936 121 
Boomer (CIPAL402) 
(G) 
 99 6.05 606 78 
Cassab  99 3.81 835 108 
Cumra  96 3.78 608 79 
Digger  98 3.76 773 100 
Matilda (G)2  106 4.48 935 121 
Nipper (CIPAL203) Indianhead/ILL5588//ILL5588 112 2.77 556 72 
Northfield  113 2.91 693 90 
Nugget  100 3.50 777 101 
94-003L*98H039 Cobber/Digger 101 4.21 1380 178 
98-046L*01H003 ILL6788/ILL7685 107 4.40 1189 154 
98-019L*01H022 CAN578-28/ILL7180 105 3.78 1117 144 
94-008L*99H077 ILL5588/Cobber 113 3.58 1099 142 
CIPAL501 Digger/Palouse 97 4.60 1083 140 
98-019L*01H056 CAN578-28/ILL7180 108 4.06 1054 136 
96-024L*00H058 ILL7180/Cobber 104 3.48 1043 135 
98-009L*01H061 Indianhead/ILL7180 113 2.96 1045 135 
CIPAL414 ILL6788/ILL7180 109 3.16 1042 135 
CIPAL416 (G)  100 5.36 1006 130 
CIPAL415 ILL6788/ILL7180 108 3.38 996 129 
CIPAL411 ILL7685/ILL7180 102 4.31 990 128 
CIPAL404 Cobber/Digger 99 3.43 985 127 
97-050L*01H043 Aldinga/Matador 103 4.39 964 125 
98-009L*01H060 Indianhead/ILL7180 112 3.29 967 125 
97-002L*00H005 (G)  100 5.64 944 122 
CIPAL408 ILL7180/Matador 105 3.04 946 122 
97-048L*01H027 Aldinga/ILL7180 107 4.24 939 121 
97-049L*00H020 Aldinga/ILL7200 95 4.52 937 121 
95M3-24 Mutant Digger 97 3.75 911 118 
97-002L*00H030 (G)  100 5.65 902 117 
98-009L*01H046 Indianhead/ILL7180 110 3.22 898 116 
98-043L*01H008 ILL6788/ILL7180 101 3.82 883 114 
CIPAL502 ILL7180/Matador 105 2.52 880 114 
97-002L*00H064 (G)  96 5.88 867 112 
CIPAL504 ILL590/Cobber 102 4.07 867 112 
CIPAL413 ILL7685/ILL7180 99 4.10 861 111 
CIPAL410 Northfield/ILL7200 95 3.57 845 109 
CIPAL412 ILL7685/ILL7180 99 3.52 843 109 
CIPAL405 Digger/ILL6802 108 3.22 744 96 
CIPAL503 Matador/Digger 100 3.08 649 84 
CIPAL406 ILL5588/Digger 95 3.45 630 81 
Mean  104 3.82 835  
lsd 5%   0.22 249  
CV%   3.5 15  
1 Seed yield analysed using REML statistical methods. 
2 (G) indicates green lentils. 
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Pulse species 
Land suitability for production of different crop species in Western Australia 
Peter White, Dennis van Gool, and Mike Baker, and Department of Agriculture, Western Australia 
Background 
An accurate understanding of land suitability for crop production helps improve our ability to make 
sound strategic investments in agricultural research and development.  For the past three years, a 
project funded by ACIAR has assessed land suitability for crop diversification in Cambodia and 
Australia.  This project has developed a series of maps that estimate the suitability of land in WA for 
field pea, chickpea, faba bean and lentil production.  The accuracy of these maps now needs to be 
verified. 
Verification of these maps involves compiling data from the large number of species comparison trials 
that have been conducted in WA over the past 15 years.  Most of these trials, however, were 
conducted on soils well suited for pulse production and don’t include data from non-pulse species.  
Yields from a wider range of species and soils, not typically regarded as suitable for growing pulse 
crops are therefore needed to supplement the current data set.  The trials described here compare the 
yield of a range of species grown on soils both poorly and well suited to their growth. 
Aims 
• Compare the yield of several agricultural crop species over a range of soils and rainfall zones. 
• Compare yield estimated in the land suitability model with actual yields from field trials. 
Method 
Nine species (Table 69) were grown at eight locations from Dandaragan through to Wongan Hills 
(Table 68).  Trials consisted of a single factor (species) with six replications configured in a 
randomised block design.  Plots were 10 m long and sown on 1.5 m centres.  
Basal nutrients were topdressed to all plots at all sites at the following rates (kg/ha):  triple 
superphosphate, 100; KCl, 100; MgSO4, 50; MnSO4, 30, CuSO4, 20; ZnSO4, 10, NaMoO4, 1.  In 
addition wheat was topdressed with 100 kg/ha urea and canola with 100 kg/ha urea plus 100 kg/ha 
gypsum before sowing and at 4 weeks after sowing (gypsum only applied at 4 weeks after sowing).  
All grain legumes were inoculated with the appropriate rhizobium strain using peat-based inoculum 
coated onto the seed before sowing. 
All plots were sown at all sites between the 23-24 May 2005.  Plots were harvested at different times 
depending on maturity of the different species.  Standard management procedures were followed for 
each species with particular attention given to herbicide application.  A hooded sprayer was used for 
both pre- and post-emergent herbicide applications.  Chlorothalonil (1.5 L/ha) was applied across all 
grain legume species at all sites in mid August.  
Plants did not show symptoms of serious fungal disease except for anthracnose on albus lupin at 
Sites 1 and 2 that would have moderately reduced yield.  Narrow leafed lupin showed symptoms of 
BYMV at Sites 1 and 2 that may have slightly reduced yields. 
Weeds were troublesome at all sites and were managed with herbicides and hand weeding.  Weeds 
had a minimal impact on yields except at Sites 4 and 8.  Ryegrass and radish had a slight to moderate 
effect on yields at Site 8 with chickpea plots being worst affected and field pea or lentil least affected.  
Ryegrass slightly reduced yield of all plots at Site 4.  Birds severely damaged many plots.  Most albus 
lupin seedlings were pulled from the ground by birds at Sites 5 and 7.  Grain of canola at all sites was 
eaten by birds.  Some grain from only Site 2 could be harvested.  Grain yields are not presented for 
canola. 
Several measurements were taken.  Only nodule scores and machine harvested grain yields are 
presented here. 
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Table 68. Location, seasonal rainfall and brief soil description for each site used in the trial.  All sites 
were in farmer’s paddocks where the preceding crop was wheat, except Site 6 which was 




WA soil group 
pH of a soil paste using  
DI water paste 
(depth (cm) in brackets) 
Surface Subsoil 
Site 1 – Dandaragan 351 Red deep sand 5 (0-10) 6 (25-75) 
Site 2 – Dandaragan 259 Yellow deep sand 7 (0-15) 5.5 (15-60) 
Site 3 – Wongan Hills 
West 
168 Yellow deep sand 7 (0-15) 5.5 (15-40) 
Site 4 – Wongan Hills 
West 
168 Brown sandy earth over rock at 60 cm 5.5 (0-10) 7 (18-60) 
Site 5 – Bindi Bindi 204 Yellow/brown shallow sandy duplex 6.5 (0-5) 8 (20-80) 
Site 6 – Moora east 185 Hard cracking clay 8 (0-5) 8 (5-35) 
Site 7 – Moora east 194 Grey shallow sandy duplex 5.5 (0-7) 7 (15-60) 
Site 8 – Bindi Bindi 198 Pale shallow sand 6.5 (0-15) 6.0 (15-65) 
Results 
Plants of the field pea, chickpea and lentil looked like they were suffering nitrogen deficiency at most 
sites during their early growth.  The affect was variable within the plots.  Some plants appeared green 
and healthy while others looked very pale.  Nodulation scores did not correspond well with the 
appearance of the plants.  For example, nodulation scores at Site 3 indicated that plants were well 
nodulated despite their patchy, pale-green appearance.  Nodulation score, however, was correlated 
with surface soil pH (Table 69).  The relationship was strongest in lentil (r2 = 0.86); nodulation of lentil 
was poorest on soils with the lowest surface soil pH.  Field pea plants recovered rapidly in late spring 
so that all plants in all plots appeared green and healthy.  Recovery was less marked in chickpea and 
lentil.  Plots of these species were patchy with some plants appearing pale green for the duration of 
the experiment, Site 6; however was an exception where all plants of these species appeared green 
and healthy. 





















Lsd 5% cv% 
Site 1 4.8 4.4 3.3 4.4 2.5 1.6 4.9 0.68 4.0 
Site 2 5.0 4.2 3.9 4.9 3.4 3.6 5.0 0.36 4.4 
Site 3 4.8 4.4 3.7 4.7 3.9 3.9 4.8 0.53 4.6 
Site 4 4.3 4.2 3.7 4.6 3.9 2.5 4.2 0.52 3.5 
Site 5 4.8 4.6 4.5 4.9 4.6 3.2 4.8 0.45 2.0 
Site 6 4.0 4.9 4.2 4.9 4.3 4.0 3.3 0.58 3.8 
Site 7 * 4.5 4.3 4.9 4.2 3.3 4.8 0.60 6.5 
Site 8 4.8 4.7 4.2 4.8 4.2 3.6 4.9 0.33 2.4 
* Albus lupin plants were destroyed by birds at Site 4. 
Yields varied markedly between sites and were driven by water availability.  High yields at Sites 1 and 
2 were related to the higher seasonal rainfall compared with the other sites.  Sites 5 and 6 were at low 
positions in the landscape and received runoff to supplement rainfall. 
Wheat produced the most consistent yields across sites.  It produced the highest or second highest 
yield at each site.  Narrow-leafed lupin and field pea also produced relatively consistent yields but 
narrow-leafed lupin clearly produced the highest yield on the deep sandy soils (Sites 1, 2 and 3) while 
field pea produced its highest yield on the shallow duplex soil (Site 5). 
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Faba bean produced its highest yields where water availability was high due to runoff and on soils with 
a finer texture (Sites 5 and 6).  Faba bean produced relatively higher yields on sandy soils where 
rainfall was high, compared to when it was low.  For example on the deep yellow sand at Site 3 faba 
bean produced about 30 per cent of the yield of wheat and lupins.  Whereas on a similar soil type but 
higher rainfall at Site 2, faba bean produced over 60 per cent of the yield of wheat and lupins.  At the 
highest rainfall site, (red deep sand, Site 1) faba bean produced almost as much yield as wheat and 
lupins.  Chickpeas (desi and kabuli) showed similar trends.  Indeed, chickpeas and faba bean 
produced the same yield (in percentage terms) relative to wheat on the fine textured shallow soils 
(Sites 5 and 6) as on the deep sandy soils with higher rainfall (Sites 1 and 2).  At each location desi 
and kabuli chickpeas produced about 40 per cent and faba bean about 80 per cent of the yield of 
wheat. 
The yields of albus lupin and lentil were low at all sites.  In most cases yields of these species were 
less than 25 per cent of the yield of wheat. 






























Site 1 0.7 1.5 1.6 2.4 1.2 0.2 2.7 2.9 0.26 7.6 
Site 2 1.0 1.0 2.1 2.1 0.9 0.3 3.4 2.9 0.29 5.3 
Site 3 0.07 0.2 0.9 0.6 0.2 0.3 2.3 1.8 0.16 12.9 
Site 4 0.4 0.4 1.0 1.1 0.5 0.2 1.4 1.6 0.21 6.0 
Site 5 0.5 1.3 3.1 3.1 1.7 0.8 0.8 3.8 0.66 12.9 
Site 6 0.6 1.9 2.4 3.0 1.4 0.5 1.0 3.8 0.29 8.9 
Site 7 * 0.8 1.7 1.2 0.6 0.3 1.5 1.9 0.36 7.8 
Site 8 0.2 0.3 2.0 1.6 0.3 0.5 2.4 2.2 0.25 8.3 
* Albus lupin plants were destroyed by birds at Site 4. 
Simulated yields (Table 71) did not correspond well with actual yields (Table 70).  Grain yields at 
Sites 5, 6 and 7 were substantially underestimated for all species except lentil.  The difference in 
simulated yield of narrow-leafed lupins on the deep sandy soils compared to the other soils was 
greater than for actual yields.  Field peas produced higher simulated yields in comparison to the other 
legume species. 














Site 1 1.2 1.7 1.6 0.6 1.8 2.2 
Site 2 0.7 1.7 0.9 0.5 1.7 2.1 
Site 3 0.6 1.5 0.8 0.4 1.5 2.0 
Site 4 0.6 1.5 0.8 0.4 0.4 1.2 
Site 5 0.6 1.6 0.9 0.5 0.4 1.9 
Site 6 0.7 1.0 0.9 0.7 0.5 0.8 
Site 7 0.7 1.6 0.9 0.5 0.5 1.9 
Site 8 0.4 0.6 0.6 0.5 0.5 0.8 
Simulated yields for desi chickpea and albus lupin are not available. 
Discussion 
Differences between simulated and actual yields can be attributed to water availability and land 
capability ratings.  Seasonal rainfall was higher in 2005 than the 30 year average, leading to simulated 
yields being lower than 2005 yields.  Furthermore, substantial runoff supplemented rainfall at Sites 5 
and 6.  Simulated yields at these sites only accounted for rainfall, which was less than the total amount  
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of water available to plants, hence yields were underestimated.  Finally, land capability ratings for the 
model were based on the mapped soils that were not accurate in some cases.  Site 6, for example 
was mapped as poorly suited or unsuited for production of most crops.  In fact, the capability of the 
land at Site 6 was fair or good for most crops. 
Both actual and simulated yields of grain legume species in this experiment were strongly influenced 
by soil type and environment.  This has been demonstrated in several other studies previously (Tang 
et al. 1995, Loss et al. 1995; French 2002).  Results from this study also demonstrate that information 
about alternative uses of land is important for land suitability and land-use planning.  For example, 
narrow leafed lupins produced the highest yields of all grain legume species on the deep sandy soils.  
Narrow leafed lupins however, may not be the most suitable crop choice on all sandy soils because 
difference between narrow leafed lupins and the alternative choices with higher grain values (e.g. faba 
bean) lessened at higher rainfall (Site 1).  The land suitability model was able to show the broad 
differences between species and environments, but, further work on refining the model is required 
before it can be effectively used for land use planning. 
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Genomic synteny in legumes:  Application to crop breeding 
Huyen Phan1, Simon Ellwood1, J. Hane1, Angela Williams1, R. Ford2, S. Thomas3 and Richard Oliver1 
1Australian Centre of Necrotrophic Plant Pathogens, Murdoch University 
2BioMarka, School of Agriculture and Food Systems, ILFR, University of Melbourne 
3NSW Department of Primary Industries  
Aims and background 
Molecular markers are a useful and cost effective method for introgressing traits in crop breeding 
programs.  There is little genomic or EST information for many of the legume species of importance to 
Australian agriculture.  Therefore we have compared the data available with the abundant sequence 
data from the model legume M. truncatula to produce predominantly genic markers.  These will enable 
the construction of comparative genetic maps; help to determine patterns of chromosomal evolution in 
the legume family, and to characterise syntenic relationships between M. truncatula and cultivated 
legumes.  Where synteny occurs, the genome sequence of Medicago can be harnessed to identify 
markers tightly linked to the genes of interest and candidate gene(s) for a trait, expediting the isolation 
of important genes (Figure 41). 
Marker development 
Among the Papilionoideae, we compared EST's from M. truncatula, Lupinus albus, and Glycine max to 
produce some 500 intron-targeted amplified polymorphic markers (ITAPs), the majority of which may 
be assigned to regions of physically mapped M. truncatula BACs.  The ITAPs markers were designed 
against homologous regions of conserved exons in orthologous single or low copy number genes to 
amplify across more diverged, and therefore informative, introns.  As lupins are phylogenetically 
distant from M. truncatula, markers designed between these species are expected to function readily 
across intervening species among the Papilionoideae.  
The ITAPs are being deployed to generate comparative genetic maps of Lens culinaris, Lupinus albus, 
Lupinus angus, and M. sativa.  In addition we have included cross-species markers developed by the 
Cook lab and 200 M. truncatula SSR markers.  The mapping populations of these species were 
generated from parents that are currently being used in breeding programs in WA, NSW and VIC for 
agronomically important traits, for example resistance to anthracnose and Pleiochaeta root rot in 
Lupin, ascochyta blight in Lentil, and Phytophthora medicaginis in Lucerne. 
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Primer design and genetic mapping 
Our results showed that ninety per cent of the ITAPs markers amplified genomic DNA in M. truncatula, 
and about eighty-five per cent in Len culinaris and L. albus (Table 72).  To date, 95 have been 
mapped on a set of 93 F8 RILs developed from a relatively narrow cross in L. angus.  One hundred 
and eight polymorphic markers have been identified and currently being mapped on a F8 L. albus 
population and 98 are being genotyped on a F5 Lens culinaris population.  Twenty-three and 24 SSR 
markers are being mapped in two respective backcross lucerne populations to integrate their genetic 
maps with M. truncatula (Table 73).  In the future, we plan a similar approach to produce comparative 
maps in faba bean and chickpea lines of interest to Australian breeders. 
Table 72. Orthologous marker identification for comparative mapping in Len culinaris and Lupinus 
albus.  Polymorphism is given between Digger and Northfield lentil accessions and between 













Mt cross species 126 102 33 75 17 
L. albus EST derived 300 131 34 277 68 
Lup_Gm_Mt 110 96 24 93 7 
Lup SSR 81 15 4 58 16 
Mt SSR 198 40 3 5 0 
Total 815 384 98 508 108 
Table 73. Orthologous marker identification for comparative mapping in Medicago sativa.  
Polymorphism is given between Demnat x W116 and Demnat x W126 accessions 
Sources Screened Amp 
Polymorphism 
DemxW116 DemxW126 DemxW116F1 DemxW126F1 
DC-Mt-SSR 98 44 17 15 12 9 
Lup-SSR 81 18 nd nd nd nd 
French-Mt-SSR 138 68 21 22 12 14 




































Figure 41. An example of macrosynteny between Medicago LG8 and lentil LG2.  A direct and simple 
syntenic relationship exists between these chromosomes, with complete homology evident.  
This relationship will facilitate the identification of closely linked markers to traits of interest 
in lentil LG2 based on Medicago genome sequence data. 
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ALOSCA – Development of a dry flow legume seed inoculant 
Rory Coffey and Chris Poole, ALOSCA Technologies Pty Ltd 
The development of the ALOSCA granular inoculant commenced in 2000 primarily as a result of 
ongoing grower dissatisfaction with the traditional peat based product due to a combination of 
handling difficulties and variable nodulation performance.  Unless applied in optimal sowing conditions 
Rhizobium bacteria viability was generally compromised.  Two WA based scientists; Dr Steve Carr 
and Dr Angelo Loi began investigating alternative bacteria delivery options and finally succeeded by 
using bentonite clay as the carrier material.  The ALOSCA product was first used on a ‘Proof of 
Concept’ commercial basis in 2004 with full commercialisation taking place the following season.  
Development 
The expansion of cropping activities in Western Australia since 1970 prompted major changes to 
establishment systems in order to accommodate increased seeding programs.  This resulted in 
reduced cultivation and therefore less opportunity for sowing into moist soil.  Under these changing 
practices traditional peat based inoculants became less effective because legume seed was often 
being sown in sub-optimal conditions with the Rhizobium bacteria less able to survive and nodulate 
the plant.  With growers needing to dry sow in order to complete seeding programs the requirement of 
a more appropriate bacteria delivery method became apparent.  With the increase in cropping came 
increased disease problems and the need for seed dressings, particularly for grain legumes.  Peat 
inoculants were not resistant to these dressings leaving growers with the choice of not inoculating or 
not applying disease preventatives. 
In looking for a solution to these restrictions Drs’ Carr and Loi focused on developing a granular carrier 
of the rhizobia that could be effective in terms of agronomy, soil chemistry and rhizobiology.  It needed 
to be an effective delivery method, be able to accommodate the bacteria and keep them alive in a 
stable environment.  A range of materials were evaluated for this purpose with attention to storage and 
longevity under a range of conditions.  Cost and commercial viability was also a determinant for 
material suitability.  Of all the materials tested, calcium bentonite matched the qualities required best 
and in 2002 trials commenced with early results yielding nodulation counts comparable to that of fresh 
peat.  Additionally, variable temperature treatments were conducted with the product subjected to daily 
soil surface summer temperatures ranging from 15oC to 60oC for three months.  Nodulation 
experiments showed that even after such harsh treatment, the product was still viable.  In 2002 the 
first field sown experiments were conducted in association with the Centre for Rhizobium Studies 
(CRS) including as a control a range of commercially available products.  
In 2003 independent field trials were conducted by a range of research providers including CRS, 
Ballard Seeds, Landmark and a number of legume seed producers and commercial farmers.  This field 
work ranged from row trials through small plot trials to broad acre, farmer sown comparisons using 
conventional equipment.  Inoculants to satisfy a range of both pasture and grain legumes were made 
from separate strains.  Biserrula inoculant was favoured for accuracy due to the absence in the WA 
soil of competing bacteria for this plant. 
Based on trial results achieved in 2003 a semi commercial release was undertaken in 2004 with 
product to cover 10,000 hectares.  This included Group C for clovers; F for faba beans, lentils and field 
peas; G for lupins and S for serradella and biserrrula.  The WA Department of Agriculture used 
successfully these inoculants in all pasture and pulse trials and the CRS continued evaluations.  The 
ALOSCA product was fully commercialised in 2005 with an international patent application made 
based on the novelty of the delivery system and covering all microbes.  
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Trial results 
A large number of field and glass house trials have been conducted on ALOSCA product since 2002 
and the following is merely a small representative sample, highlighting in particular, the advantage of 
the granular inoculum compared the peat product when sowing at non-ideal conditions. 
Nyabing Vicia faba (FIESTA) and Pisum sativum (PARRAFIELD) early sowing trial.  Sampled 3 
August  
This trial compared the efficacy of a conventional peat inoculant with ALOSCA granules when time of 
sowing occurred 4 weeks prior to ideal time.  Beans and peas were sown into dry soil.  Fiesta faba 
beans were treated with Grp F peat slurry (inoculated just prior to sowing) and 10 kg/ha Grp F 
ALOSCA granules (Figure 42).  Parrafield peas were treated with Grp E peat slurry (inoculated just 
prior to sowing) and 10 kg/ha Group E ALOSCA granules (Figure 43).  Ratings were given as number 
of nodules per plant. 























Figure 42. Fiesta faba beans treated with Grp F peat slurry (inoculated just prior to sowing) and 10 kg/ha 
Grp F ALOSCA granules. 
























Figure 43. Parrafield peas treated with Grp E peat slurry (inoculated just prior to sowing) and 10 kg/ha 
Grp E ALOSCA granules. 
These results show the important advantage that ALOSCA granules have over conventional peat 
slurry treatments with regards to time of sowing.  When inoculated with the ALOSCA granules, plants 
showed a marked improvement in nodule number even though sowing occurred early, in unfavourably 
dry soils 4 weeks prior to normal time of sowing. 
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Albany T. subterraneum (YORK) Trial.  Sampled 4 June 
York sub. clover was treated with Grp C peat slurry (inoculated just prior to sowing) and 10 kg/ha Grp 
C ALOSCA granules.  Sowing occurred under ideal conditions.  Ratings were given as number of 
nodules per plant (Figure 44) and as a percentage of plants where nodulation failed (Figure 45). 





















Figure 44. Number of nodules per plant. 
Albany T. subterraneum  (YORK)  % Plants without 




























Figure 45. Percentage of plants where nodulation failed. 
Results show no significant difference between number of nodules per plant between peat slurry and 
ALOSCA inoculated plants and a significant increase over the uninoculated controls (Figure 44).  
Importantly, the percentage of plants that showed nodulation failure was low and virtually identical for 
both slurry and ALOSCA treatments (Figure 45). 
Areas of application and potential benefits 
In Western Australia an estimated 10 million hectares are suitable for growing legume crops and 
pastures in rotation with cereals.  A further 5 million hectares of grazing country can accommodate 
legume pastures.  Recent oil price increases have had dramatic impact on the price of artificial 
nitrogen fertilisers challenging the sustainability of the WA cropping systems.  Establishing effective 
plant nodulation, nitrogen annual cost to WA agriculture may be reduced by up to 50 per cent and 
provide farmers more flexibility with their cropping and grazing activities. 
Table 74 shows Rhizobium inoculants that have been developed for application in Western Australian 
conditions. 
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Table 74. Rhizobium inoculants that have been developed for application in Western Australian 
conditions 
Product Applications 
Group C Clovers – Sub., Balansa, Crimson, Gland, Arrowleaf, Rose & Persian 
Group S Serradella, Lupin 
Biserrula Special Biserrula 
Group AM Annual medics – Barrel, Burr, Sphere, Gama Snail and Murex 
Group AL Lucerne, Strand & Disc Medic 
Group F Faba Bean, Lentil, Field Pea & Vetch 
Group N Chickpea 
With a total of fifty seven Rhizobium strains available there is potential to add to the list of inoculants 
commercially available as new legume plant species are adapted to Western Australian conditions. 
In addition to the delivery of Rhizobium strains, the granular system is a suitable carrier for a range of 
other soil microbes including those that are currently being investigated as potential plant growth 
promoting micro-organisms.  Growth promoting microorganism can increase yields in non-legume 
crops by increasing rates of germination, root and shoot growth and delaying leaf senescence.  These 
microorganisms have been shown to affect plant growth by increased nutrient solubilisation (P, N and 
K), production of plant growth regulators, suppression of plant pathogens by competition and the 
release of antibiotics or siderophores.  A number of trials involving the use of promising plant growth 
promoting microorganism have been conducted in 2003 to 2005 using ALOSCA delivery system.  
Early results suggest that ALOSCA granules delivered these micro-organisms in an efficacious way 
compared to other non viable traditional methods.  
Numerous glass house and field trials have shown that the ALOSCA product represents a significant 
development in the delivery of root nodule bacteria to Australian agricultural systems.  The nature of 
the granules gives to the bacteria a considerable edge over the traditional peat based inoculation 
method as it does not require refrigerated storage and transport.  Moreover, primary producers are no 
longer required to sow at ideal times to ensure survival of the rhizobia, the dry granules offer new 
degrees of flexibility to sowing times without resulting in diminished rates of nodulation. 
 
Genetic dissection of resistance to fungal necrotrophs in Medicago truncatula 
Simon Ellwood1, Theo Pfaff1, Judith Lichtenzveig12, Lars Kamphuis1, Nola D'Souza1, Angela Williams1, 
Emma Groves1, Karam Singh2 and Richard Oliver1 
1Australian Centre of Necrotrophic Plant Pathogens, Murdoch University 
2CSIRO Plant Industry 
Background 
Understanding the genetic basis of plant resistance to necrotrophic fungal pathogens remains one of 
the greatest challenges in molecular biology.  Research has been limited by a lack of genetic tools in 
suitable plant models, particularly as Arabidopsis is not a host to many necrotrophic species.  
Pathogens such as Ascochyta, Botrytis, Colletotrichum, Leptosphaerulina and Phoma spp.  
respectively cause blight on chickpeas, grey mould on faba beans, anthracnose on lupins, black stem 
on alfalfa and black spot on peas.  A series of epidemics in WA has eroded farmer confidence in crops 
such as lupins and chickpea.  If these diseases were efficiently controlled, such legumes could play a 
much larger role in Australian broad-acre farming systems. 
Approach 
Genetic dissection of resistance involves (1) the isolation and propagation of numerous necrotrophic 
fungal pathogens of legumes – from both crops and pastures;  (2) infecting these isolates onto a small 
group of Medicago ecotypes;  (3) selecting pathogens that induce differential reactions of different 
ecotypes;  (4) crossing ecotypes with extreme responses; and  (5) genetically analysing resistance to 
isolate the gene(s) responsible.  
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In initial screens, more than 80 isolates representing about 30 species of potential pathogens were 
tested on 10 Medicago ecotypes.  These fungi and oomycetes include both root and foliar pathogens.  
Pathogens were classified according to whether they caused reliable disease on at least one ecotype 
and whether reproducible differences in disease levels were seen on different ecotypes.  These 
pathogens were then tested on a set of about 100 ecotypes chosen from the Australian SARDI core 
collection.  This collection is composed of over 200 M. truncatula (Gaertn.) ecotypes and was 
examined for genetic diversity using 6 microsatellite markers.  Our results revealed the collection 
possessed significant genetic diversity and structure, with up to 40 alleles per locus.  This enabled 
informed polymorphic crosses between ecotypes showing extremes of resistance and susceptibility to 
be made on the basis of inferred relatedness. 
In addition, we are using a comparative mapping approach to concurrently map Phytophthora 
resistance in Medicago and chickpea using Medicago-based mapped-markers.  The NSW Department 
of Primary Industries is developing Phytophthora resistant chickpea lines; however no DNA markers 
linked to resistance have been identified to aid in marker assisted selection.  Medicago has been 
shown to have a simple syntenic relationship with chickpea, and tools for molecular genetics and 
genomics already developed for Medicago will allow us to exploit this synteny.  Determining the 
genetic basis of resistance and discovering markers closely linked to resistance genes and will aid in 
fast tracking map-based cloning of genes involved in the response. 
In addition to genetic dissection of resistance, we are further characterising the plant-pathogen 
interaction by examining defence gene expression and secondary metabolite induction with the 
objective of identifying supplementary components to resistance. 
Recent progress 
A number of species caused disease symptoms on Medicago.  These were:  various Phoma spp., 
Ascochyta lentis, A. fabae, Botrytis fabae, B. cinerea, Colletotrichum coccodes, C. trifolii, 
Leptosphaerulina trifolii, Stagonospora meliloti, Fusarium oxysporum, F. solani, Rhizoctonia solani, 
and Phytophthora citrophthora.  Medicago ecotypes showing differential responses to a pathogen are 
currently being genetically characterised in segregating populations (Table 75). 
In an F2 cross involving resistance to Phoma disease, 80 polymorphic markers have been developed 
and genetically mapped.  Disease resistance was scored quantitatively in the F2 population and those 
scores were incorporated into linkage data using MapManager QTX software to find QTLs linked to 
resistance.  Interval mapping using a recessive regression model resulted in one highly significant 
locus (α = 0.01).  We are currently mapping resistance in a second cross, as the first cross was 
complicated by F2 individuals displaying albinism, dwarfism, and poor germination.  
Gene expression experiments by quantitative PCR have shown significant differences between 
resistant and susceptible ecotypes in the Phoma-Medicago interaction, and the M. truncatula 
Mt16kOLI1 plus 70mer oligonucleotide-based microarray has been used to identify genes involved in 
the Phoma-Medicago interaction and genes controlling resistance.  In particular, genes of the 
phenylpropanoid pathway were highly up-regulated twelve hours after infection.  
Metabolite profiling (GC/MS and LC/MS) has shown differences in the induction and level of 
secondary metabolites between Medicago ecotypes.  We plan to identify these compounds and test 
their biological activity. 
Table 75. Legume pathogens for which mapping populations are currently being investigated 
Pathogen Mapping population species 
Mapping population 
type 
Ascochyta lentis M. truncatula F2 
Ascochyta rabei M. truncatula F2 
Colletotrichum coccodes M. truncatula F2 
Fusarium oxysporum M. truncatula F2 
Fusarium oxysporum M. truncatula RIL 
Phoma medicaginis M. truncatula F2 
Phytophthora medicaginis  M. truncatula F2 
Phytophthora medicaginis C. arietinum x C. echinospermum RIL 
Phytophthora medicaginis C. arietinum RIL 
Stagonospora meliloti M. truncatula F2 
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APPENDIX I:  LIST OF COMMON ACRONYMS 
Acronym Full name 
AARI Aegean Agricultural Research Institute 
ACCIP Australian Coordinated Chickpea Improvement Program 
ACIAR Australian Centre for International Agricultural Research 
AFLP Amplified Fragment length polymorphism 
AFPIP Australian Field Pea Improvement Program 
ALC Australian Lupin Collection 
AMV Alfalfa Mosaic Virus 
ARC Australian Research Council 
ARWA Agricultural Research Western Australia 
ATFCC Australian Temperate Field Crops Collection 
BARI Bangladesh Agricultural Research Institute 
BGM Botrytis grey mould 
CAR Central Agricultural Region 
CBH Cooperative Bulk Handling 
CICA Co-ordinated Improvement of Chickpeas Australia  
CIPAL Coordinated Improvement Program for Australian Lentils 
CLIMA Centre for Legumes in Mediterranean Agriculture 
CMV Cucumber Mosaic Virus 
COGGO Council of Grain Growers Organisation 
GSARI Great Southern Agricultural Research Institute 
CVT Cultivar Variety Testing 
DAWA Department of Agriculture, Western Australia 
DPI Department of Primary Industries 
DSS Decision Support System 
ELISA Enzyme-Linked Immunosorbent Assay 
GPWA The Grain Pool of Western Australia 
GRDC Grains Research and Development Corporation 
GSPGA Great Southern Pulse Grower Association 
HI Harvest Index 
IARI Indian Agricultural Research Institute 
ICARDA International Centre for Agricultural Research in the Dry Areas 
ICRISAT International Centre for Research in the Semi-Arid Tropics 
ORIA Ord River Irrigation Area 
NAR Northern Agricultural Region 
NARC Nepal Agricultural Research Council 
NBS National Bureau of Standards 
NFBIP National Faba Bean Improvement Program 
NVT National Variety Testing 
PASE Pulse Association of the South East 
PBR Plant Breeding Rights 
POLA Pulse, Oilseed and Lupin Association 
PSbMV Pea Seed-Borne Mosaic Virus 
RIRDC Rural Industries Research and Development Corporation 
RLN Root Lesion Nematode 
RSU Research Support Unit 
RUE Radiation Use Efficiency 
SAR Southern Agricultural Region 
SARDI South Australian Research and Development Institute 
SEPWA South East Premium Wheat Association 
SPIRIT Strategic Partnerships with Industry Research and Training 
USDA United States Department of Agriculture 
WAHRI Western Australian Herbicide Resistance Initiative 
WANTFA Western Australian No-Tillage Farmers Association 
WUE Water Use Efficiency 
 
